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Abstract 


1  hi-  aim  of  these  studies  was  the  development  of  model  compounds  sc  itli  w  Inch 
information  useful  in  understanding  energy  metaholism  might  he  obtained  to  aid 
m  development  of  food  for  space  travel.  Seven-month  studies  feeding  rats  with 
1 ,3-hutanediol  have  been  completed.  The  results  of  these  studies  confirm  the 
utilization  of  this  compound  as  an  energs  source  Measurement  of  a  number  ol 
metabolic  parameters  at  the  completion  of  the  studs  support  the  contention  that 
1,3  butanediol  is  probably  metabolized  through  carbohydrate  rather  than  fat 
pathways.  Metabolism  studies  with  2.-l-duiicth\jlhcptanoic  acid  labeled  ssith 
m  the  alpha  methyl  group  indicate  that  this  compound  .is  predicted  is  oxidized 
through  piopionatc.  Design  and  construction  details  of  the  direct  animal  calori¬ 
meter  are  presented  Results  of  a  limited  number  of  studies  ssitli  rats  fed  various 
diets  indicate  that  the  device  fulfills  its  design  functions 
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SECTION  I. 

Introduction 

The  relationship  between  diet  and  environment  represents  one  of  the  most  interesting  areas 
of  nutritional  research.  Modem  thought  in  nutrition  is  that  the  environment  can  determine  nutri¬ 
tional  need.  Conversely,  the  diet  can  modify  the  response  of  the  organism  to  its  environment. 
In  the  early  years  of  planning  for  man’s  entrance  into  space,  the  problems  of  weight  and  volume 
were  paramount.  At  that  time,  an  essential  requirement  for  this  journey  was  a  light,  highly  con¬ 
centrated  source  of  nutrients.  Of  the  many  approaches  examined,  one  was  concerned  with  the  in¬ 
vestigation  of  new  and  unusual  nutrient  sources.  The  principal  goal  in  this  study  was  the  produc¬ 
tion  of  high  energy  diets  in  which  all  or  a  principal  portion  of  the  energy  would  be  supplied  by 
synthetic  compounds  having  certain  caloric  densities  greater  than  that  of  the  carbohydrates  and 
capable  of  being  fed  at  greater  levels  than  the  fats. 

These  investigations  were  divided  into  three  sections.  The  first  was  concerned  with  available 
compounds  not  normally  associated  with  the  diet.  The  diol,  1,3-butanediol,  was  selected  as  the 
model  for  the  group.  The  second  approach  was  concerned  w'ith  the  design  and  synthesis 
of  new  compounds  capable  of  performing  specific  metabolic  tasks.  The  fatty  acid,  2,4-dimethyI- 
heptanoic  acid,  used  in  these  studies,  was  designed  to  supply  energy  equivalent  to  that  of  a  fatty 
acid  without  the  usual  deleterious  effects  associated  with  feeding  large  amounts  of  these  materials. 
The  third  section  of  this  program  was  concerned  with  the  design  and  construction  of  a  highly 
sensitive  and  rapid  animal  calorimeter  for  use  in  the  study  of  energy  metabolism. 

The  initial  work  in  these  studies  was  presented  in  earlier  reports  (refs.  1,  2).  The  present 
report  is  concerned  with  the  continuation  of  these  studies. 

The  aims  of  these  studies  were  to  develop  model  compounds  with  which  information  useful 
in  understanding  energy  metabolism  might  be  obtained.  With  this  information,  more  useful  and 
practical  compounds  may  arise. 
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SECTION  II. 

Animal  Experimentation 

I'lw  objectives  oi  the  animal  experimentation  phase  of  this  im  estimation  were  to  establish  a 
metabolic  basis  lor  the  evaluation  of  potential  compounds  useful  as  synthetic  dietary  energy 
sources  In  general,  these  studies  have  been  concerned  with  the  determination  of  the  metabolic 
caloric  density  of  these  compounds  as  well  as  the  investigation  of  the  physiological  and  nutritional 
effects  of  feeding  these  materials. 

Metabolic  studies  of  two  compounds  are  discussed.  For  the  (irst,  1  3-butanediol,  the  final 
results  of  a  long  term  growth  and  metabolic  stuck  are  reported  In  the  case  of  the  second  com 
pound,  2,1  -elimelhv  Ihcptanoic  acid,  data  are  reported  of  a  study  in  whic  h  the1  compound  was 
labeled  with  C"  in  the  alpha  moths  1  group 


PROTEIN,  FAT  AND  1 ,3-BUTANEDIOL  INTERRELATIONSHIPS 
IN  HIGH  ENERGY  DIETS 

In  the-  previous  report  (ref.  2  b  preliminary  data  were  reported  of  a  30-week  stuck  utili/mg 
rats  to  determine  the  interactions  and  effects  of  adecpiate  and  high  chetars  levels  of  protein  on 
the  utilisation  of  diets  containing  various  levels  ol  fat  and  1,3  butanediol  \t  the  conclusion  of 
that  stuck,  samples  of  urine,  blood,  and  liver  were  taken  and  used  for  the  determination  of  various 
metabolic  intermediates  and  products  In  order  to  present  as  clear  a  discussion  as  possible,  some 
of  the  data  presented  in  the  earlier  report  i  ref.  2  are  reported  here  In  addition  a  summary  of 
pertinent  literature  concerning  1 ,3 -butanediol  also  is  included 

Commencing  around  lb-lb,  reports  on  1  3-bntanediol  began  to  appear  m  the  hteratuie  I  isc  her 
et  al  (  ref.  3 )  reported  that  1  3  butanediol  had  a  low  toxic  itv  as  indicated  bv  an  oral  1 .1 ) ,,,  of  2b  12 
cm1  kg  m  rats  Further  studies  bv  Meyer  (ref  -I  in  three  generations  of  rats  indicated  that  rela 
tively  low  levels  ol  1.3  butanediol  had  no  adverse  effect  on  growth,  lertihtv,  and  reproduction 
Bornmann  (refs  3.  (i,  7  in  bis  three-part  series  of  papers,  also  concluded  that  1 .3  butanediol 
was  of  low  ac  ute  and  c  lironic  toxicity. 

Specific  nutritional  use  of  polvhydrie  alcohols,  including  1 ,3  butanediol,  was  reported  by 
Sclmssel  refs  S,  bt,  3  be  polyols  were  fed  to  r.its  .it  level1  ol  3  to  10b  of  dietarv  calories 
( )f  the  7  poly  ols  tested,  1 ,3  butanediol  was  best  tolerated  1  ,ow  concentrations  appeared  to  stun 
ulate  grow  tli 

In  our  laboratory,  data  have  been  developed  which  demonstrate  that  1 ,3  butanediol  has  a 
metabolic  caloric  density  of  approxunatelv  6  Cal  g  (  ref  1  l  and  that  it  may  possibly  bo  me¬ 
tabolized  through  pathway  s  resembling  those  of  c  arbobydrau1  rath'  r  than  fat  (ref  2). 

In  the  present  repent,  work  representing  a  continuation  of  these  studies  is  presented 

Experimental  Procedures 

Commercial  giade  1  3-butanediol  i  III))  was  used  in  all  ol  the  experiments  I  be  compound 
met  specifications  as  follows,  boiling  point,  207.3  (',  specific  giavitv  20  20  ( '  1  (XH>.  and  a  mini 
muni  puritv  of  bb  b\  weight  While1  111)  lias  unusual  chemical  stability  because  of  high 
bv  grosc  opic  itv .  care  was  taken  to  prevent  water  absorption  m  storage  and  handling 

I  he  animals  used  m  this  stuck  were  Caesarean  dci  i\ ed  SIM1  male  Nils  (Charles  Ibvcr 
I  aboiatories  l  which  weighed  approximately  113  g  each  More  mature  animals  were  used  to  avoid 
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the  odor  and  palatability  problems  associated  with  the  use  of  younger  animals  in  the  earlier 
studies  (ref  2).  All  animals  were  housed  in  individual  wire  Imttnm  cages  in  temperature,  hu¬ 
midity,  and  light  controlled  rooms. 

Tire  animals  were  arranged  m  fifteen  groups  of  10  rats  eac  h  and  were  ted  their  respective 
diets  for  30  weeks  Protein,  fat  and  HI)  levels  were  the  mam  experimental  variables  In  some 
diets  however,  supplements  of  soy  lecithin  were  used  to  try  to  increase  fat  absorption  Calcium 
lactate  and  sodium  propionate*  were*  added  to  two  of  the  diets  to  test  for  possible  antiketogenic 
effects  1  he  characteristics  of  the  diet  on  a  dry  basis  are  given  in  'able  I  In  addition,  all  of  the 
diets  contained  4'/<  salt  mix,  1.27<  vitamin  mix,  and  4'"<  agar  by  weight  Where  supplied,  carbo¬ 
hydrate  was  furnished  bv  sucrose,  dextrose  and  dextrin  m  the  ratio  of  2.1  1  respectively.  The 
fat  source  consisted  of  I  part  corn  oil  to  3  parts  lard  In  order  to  facilitate  the  feeding  of  high 
levels  of  fat  and  III),  all  diets  were  prepared  as  semisohd  agar  gels  by  incorporation  of  l(XX)  g  of 
the  dr\  diet  with  750  ml  of  hot  water  containing  the  dissolved  agar 

At  the  end  of  30  weeks,  the  animals  were  placed  m  metabolism  cages  and  lasted  for  13  hours. 
Trine  was  collected  in  ice  and  was  kept  frozen  m  sealed  vials  until  analysis  could  he  performed 
After  removal  from  the  metalxilism  cages,  the  animals  were  killed  by  decapitation,  blood  culler  ted 
and  livers  and  kidneys  remov\ d  and  weighed  Kxamination  was  made  also  for  gross  pathological 
changes  The  blood  was  kept  refrigerated,  centrifuged,  and  the  serum  removed  and  frozen 
\n  a  lit  jt  lot  of  liver  was  taken  immediately  upon  dissection,  weighed  and  placed  in  KOI!  I  he  re 
mainder  was  frozen 
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Characteristics  of  diets  used  in  iOticck  long  term  study * 
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Results 

Data  for  the  first  1  weeks  of  this  long  term  feeding  sturlv  are  given  in  table  2  Animals  led 
diets  3  and  0  which  contained  307  Hi)  consumed  less  lood  and  gamed  less  bodv  weight  than  rats 
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led  am  of  the  oilier  diets  As  a  result,  food  and  calorie  efficiency  were  depressed  In  die  30' '  le\el 
of  HI)  The  body  w  eight  gains  of  the  2  groups  of  rats  rec  cn  1 1 ij^  t lie  30'  HI )  u  ere  significantly  less 
(  |:  0  05)  than  those  of  rats  on  any  of  the  other  diets  Within  a  specific  fat  level  wtiglit  gains 

uere  generally  improved  in  the  group  receiving  the  higher  protein  level  but  these  differences 
were  significant  (I*  0  05)  only  in  rats  fed  the  50  fat  diets 

After  30weiksof  feeding  ( table  111'  animals  led  HI )  t  groups  5  to  0  were  liglitr  r  in  bodv 
weigh*  than  rats  led  am  of  the  other  diets  containing  30' ■  or  more  fat  (diets  3  and  f.  10  to  15). 
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Effects  of  jirotem,  fill,  and  I ,  3  hutanediat  ( IU))  an  .30  u  erk 
weight  gniri,  nutrient  intake ,  nutrient  ejju  ienej  and  sun  it  id 
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Hats 

Wra-ht 
(  ami* 

(! 

Nutrient  Intake 
(  Dry  basis  ) 

I'oo<j  Protein  (  .a lories 

«  K  <■  ail 

Nutrient  hflit 
I,(mm!  Protein 

%  % 

leney  1 
( laliir  irs 

7 

l 
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187  protein 
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009 

1.3099 

13.2 
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However  the  wei  Rill  gams  ol  animals  fed  207  111)  ((hits  5  and  fl )  were  not  significantly  differ 
enl  from  those  ol  rats  fed  iinsnpplcmcnted  .307  fat  diets  diets  3  and  5 )  As  observed  ;it  -1  weeks 
animals  in  groups  8  and  9  w Inch  receiver  I  the  30'  <  Ics  el  of  B I  )  consumed  the  least  hxxl  and  had 
the  lowest  weight  gams  and  hxxl  and  calorie  efficient  ics  In  almost  all  comparisons,  the  2  groups 
of  rats  fed  .30"'  lil)  had  significant  Is  lower  ( 1’  0  0.3  to  0  01  weight  gams  than  animals  fed  anv 

other  diet  Nevertheless,  hxxl  and  calorie  efficient  ics  of  animal',  fed  the  lower  level  of  207*'  HI) 
(diets  3  and  0)  were  comparahlt  to  those  of  animals  fed  the  !()''<  f;tt  unsupplemenlet!  diets  (diets 
3  anti  1  ) 

No  protein  effect  was  apparent  at  30  weeks  In  addition  the  lecithin,  calcium  lactate  anti 
sodium  propionate  supplements  did  not  appear  to  lie  Benefit  nil  Mortality  was  not  excessive  anti 
did  not  appear  to  lx1  related  to  the  type  of  diet 
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Liver  and  kidney  weights,  as  recorded  at  the  termination  of  the  experiment  after  30  weeks, 
are  shown  in  table  IN’.  There  were  no  significant  differences  among  any  of  the  values  when  com¬ 
pared  on  a  percentage  of  hody  weight  basis. 

The  results  of  the  determinations  of  metabolic  intermediates  and  products  are  shown  in  fig.  1. 
Liver  phosphohexase  isomerase  ( PHI )  generally  decreased  with  increasing  fat  in  the  diet  (fig.  1A). 

TABLE  IN’ 


Weights  of  livers  and  kidneys  of  animals  fed  diets  containing 
various  levels  of  protein ,  fat  and  1 ,3-butancdiol* 


(•roup  Diet 

Liver 

%  Body  weight 

Kidney 

%  Body  weight 

1 

107c  fat  +  18%  protein 

2.05  ±  0.07? 

0.55  ±  0.02 

2 

107c  fat  -1-  367c  protein 

2.19  ±  0.07 

0.53  ±  0.02 

3 

307c  fat  4-  187c  protein 

1.98  ±  0.07 

0.47  ±  0.02 

4 

30%>  fat  4-  36%  protein 

2.10  ±  0.07 

0.50  ±  0.02 

5 

30%>  fat  4-  187c  protein  +  20%-  BD 

2.30  ±  0.06 

0.52  ±  0.02 

6 

307c  fat  +  .36%  protein  4-  207r  BD 

2.20  ±  0.05 

0.59  ±  0.03 

7 

30%  fat  4-  36%-  protein  +  207c  BD  +  0.5%  lecithin 

2.20  ±  0.02 

0.56  ±  0.01 

8 

30%  fat  4-  18%  protein  +  30%  BD 

2.40  ±  0.08 

0.54  ±  0.01 

9 

307c  fat  +  30%  protein  4-  30%  BD 

2.20  ±  0.14 

0.63  ±  0.05 

10 

50%  fat  +  18%-  protein 

2.10  ±0.13 

0.49  ±  0.02 

11 

507c  fat  36%  protein 

2.20  ±0.10 

0.48  ±  0.01 

12 

607c  fat  +  18%  protein 

2.03  ±  0.05 

0.49  ±  0.02 

13 

60%  fat  +  18%  protein  +  0.5%  lecithin 

2.00  ±  0.04 

0.48  ±  0.C4 

14 

607c  fat  +  187c  protein  4-  2.5%  lecithin  4-  2.5%  propionate 

2.00  ±  0.09 

0.57  ±  0.03 

15 

60%  fat  4-  30%  protein 

2. 10  ±  0.07 

0.52  ±  0.02 

’No  significant  differences  exist  among  any  of  the  liver  or  kidney  values 
1  Indicates  standard  error 


The  exception  to  this  pattern  was  a  rise  in  activity  at  50%  dietary  fat.  NN’hen  BD  was  added  to 
the  30%  fat  diet,  PHI  activity  increased  with  increasing  dietary  concentrations. 

Serum  glucose  appeared  to  respond  in  a  similar  manner  (fig.  IB)  although  the  changes 
appear  to  be  relatively  small.  In  this  case,  however,  there  appeared  to  be  a  drop  in  serum  glucose 
at  20%  BD  with  an  increase  at  30%  BD. 

On  the  other  hand,  little  or  no  changes  could  he  observed  in  liver  glycogen  (fig.  ID)  at 
dietary  fat  levels  up  to  50%.  At  60%  fat.  however,  there  appeared  to  be  a  significant  rise  in  liver 
glycogen.  The  addition  of  20 %  BD  to  the  diet  had  little  effect  on  this  parameter.  A  supplement 
of  30%'  BD,  however,  resulted  in  an  increase  in  liver  glycogen. 

Changes  in  serum  cholesterol  are  shown  in  fig.  1C.  NN’hile  there  appeared  to  be  a  slight  de¬ 
crease  in  serum  cholesterol  with  increasing  dietary  fat,  the  changes  are  not  significant.  The  1,3- 
butanediol,  however,  gives  indications  of  being  an  effective  hypocholesteremic  agent,  reducing 
serum  levels  from  150  mg%  at  0%-  in  the  diet  to  60  mg%  when  the  diet  was  supplemented  with 
30%  BD. 

The  levels  of  serum  ketone  bodies  (SKB)  are  shown  in  fig.  IE  and  table  V.  SKB  generally 
increased  with  increasing  dietary  fat  up  to  50%.  NVhen  dietary  fat  was  increased  to  60%-  the  level 
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Fir..  1.  Metabolic  Parameters  in  Rats  Fed  Diets  Containing 
Various  Levels  of  Fat  and  1,3-Butanediol 

precipitously  dropped,  falling  to  50%  of  the  levels  of  50%  the  animals  fed  fat  diets.  Similarly, 

additions  of  BD  to  the  diet  produced  a  slight  decrease  of  SKB 

An  inverse  pattern  ran  he  observed  when  urinary  ketone  IkkIics  ( l  KB )  are  considered  ( hg. 
IF  and  table  V).  In  this  case,  however,  little  if  any  change  can  lx-  seen  at  dietary’  fat  levels  to 
30%.  At  50%  dietary  fat,  however,  UKB  begin  to  rise  reaching  a  maximum  at  60%  dietary  at. 
The  addition  of  BD  to  the  30%  fat  diet,  however,  results  in  essentially  no  change  in  l  KB.  Also, 
urine  volume  appeared  to  increase  with  increasing  levels  of  dietary  fat  (table  \  ).  The  addition 
of  BD  to  the  diet  appeared  to  slightly  decrease  urine  volume. 

D  iicutiion 

In  this  series  of  experiments,  following  adaptation,  rats  were  able  to  utilize  20%  BD  as  a 
carbohydrate  replacement  in  30%  fat  diets.  While  utilization  of  diets  containing  30,  BD  was 
impaired  as  indicated  by  body  weight  gain  and  nutrient  efficiencies,  there  was  no  unusual  mor¬ 
bidity  or  mortality.  The  results  reported  are  in  agreement  with  Bornmann  s  (ref.  7)  conclusions 
concerning  the  low  order  of  toxicity  of  BD.  They  also  support  Schussels  (ref.  9)  original  view¬ 
point  that  BD  can  serve  as  a  potential  source  of  dietary  energy. 
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TABLE  V 

Ketone  Bodies  in  Serum  and  Urine  at  30  Weeks 


10% 

Fat 

30% 

Fat 

50% 

Fat 

60% 

Fat 

30%  Fat  30%  Fat 
+  20%  BD  +  30%  BD 

Serum  Ketone  Bodies* 
mg/100  ml 

8.37 

9.60 

12.33 

5.97 

8.48 

6.84 

Urine  Volume 
ml/18  hours  . 

6.85 

8.20 

11.40 

13.56 

8.17 

5.55 

Urine  Ketone  Bodies 
v/ml _ _  _ _ 

74.00 

48.40 

70.70 

95.40 

63.90 

63.00 

Total  Urine  Ketone  Bodies 
mg/18  hours .  . 

0.51 

0.40 

0.81 

1.29 

0.52 

0.35 

Urine  Ketone  Bodies 
mg/kg/18  hours 

6.29 

5.25 

6.70 

29.88 

5.87 

6.29 

•A 5  acetone 


The  initial  attempt  in  our  laboratory  to  feed  high  levels  of  BD  to  weanling  rats  ( ref.  2 )  indi¬ 
cated  that  the  poor  performance  in  terms  of  weight  gain  hut  not  of  nutrient  efficiency  on  107' 
and  20%  BD  was  due  to  a  reduction  in  food  intake.  Further  study  of  this  problem  by  paired 
feeding  (ref.  2)  showed  that  animals  pair-fed  5%  and  20%  BD  for  3  weeks  were  similar  or  su¬ 
perior  to  unsupplemented  control  rats  in  weight  gain  and  food  and  protein  conversion  efficiency. 
However,  in  the  caloric  tests  and  in  the  short  term  graded  level  ad  libitum  and  paired  feeding 
test  the  animals  did  not  appear  to  be  fully  utilizing  the  BD.  Some  insight  into  this  problem  was 
gained  by  an  isocaloric  force-feeding  study  (ref.  2)  which  demonstrated  the  need  for  an  adapta¬ 
tion  period  of  at  least  1  week  for  maximum  utilization  of  BD. 

At  the  conclusion  of  the  first  4-week  period  of  the  long-term  study  presented  in  this  report, 
there  was  a  marked  decrease  in  food  intake,  body  weight  gain,  and  food  and  calorie  efficiency  of 
animals  fed  diets  of  8  and  9  which  contained  30%  BD.  These  adverse  effects  of  feeding  the  high 
level  of  30%  BD  continued  throughout  the  entire  30-week  feeding  period. 

The  principle  long-term  effects  of  feeding  BD  are  readily  demonstrated  if  the  results  from 
groups  fed  similar  levels  of  fat  and  BD  are  combim-d  and  compared.  Fig.  2  shows  such  a  com¬ 
bined  group  growth  curve.  The  curve  indicates  that  except  for  the  last  5  weeks  on  test,  weight 
gains  of  animals  fed  20%  BD  were  rather  similar  to  those  of  animals  fed  the  107-,  50%’  and  607'' 
fat  diets.  Weight  gains  of  rats  on  30%  BD  lagged  considerably  behind  the  others.  The  superior 
weight  gains  on  the  30%  fat  diets  appears  to  confirm  the  reports  of  Scheer  ct  al  ( ref.  16 )  that 
30%  may  he  the  optimum  level  of  dietary  fat  for  the  rat.  However,  there  is  no  agreement  among 
workers  over  the  proper  level  of  dietary  fat. 

Examination  of  the  combined  30-weck  data  in  table  3  indicates  that  weight  gains  and  util- 
zation  of  diets  containing  20%  BD  were  not  significantly  impaired.  Food  efficiency  on  these  diets 
was  16.3  as  compared  to  a  value  of  16.5  for  the  30%  fat  unsupplemented  diets.  Similarly,  average 
caloric  efficiency  was  3.0  on  the  20%  BD  diets  as  compared  to  3.3  for  30%  fat  unsupplcmentcd 
diets  and  2.9  for  the  50%  ami  60%  fat  diets. 

In  the  case  of  the  30%  BD  diets,  we  must  conclude  from  a  consideration  of  all  parameters 
measured  that,  at  this  level  of  feeding,  there  was  a  significant  impairment  in  diet  utilization. 
Since  Hess  and  Kopf  have  reported  (ref.  17)  that  BD  retards  the  absorption  of  drugs,  absorption 
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WEEKS  ON  TEST 
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■n 


30 


Fu.  2  W  eight  ( lams  of  Hats  Fed  Diets  ( loiitammg  \  arums 
l«evels  of  Fat  and  1 ,3  Hutanediol 

tnas  lie  one  of  tbe  faetors  res|x>nsible  for  (be  Io\m  r  utili/ation  of  diets  containing  high  levels  of  HI) 
(aimparison  of  the  30'  f.it  diets,  with  and  without  2()'l  added  HI)  reveals  th.it  annuals  fed 
the  HI )  containing  diet  consumed  97  less  food  in  it)  weeks  ( )n  the  other  hand  the  highest  30- 
week  food  conversion  (  18.97  )  was  ohtained  in  animals  fed  the  00  fat  diets  I  in  therinoie  the 

combined  data  (table  III)  indicate  that  the  .30-week  average  weight  gains  of  rats,  with  the  ev 

eeption  of  those  fed  307  HI )  were  not  statistic  alls  dilfeient  on  levels  of  It)  30'  ,  50  and  f>0' 
fat  While  Miehelsen  et  al  (  ref  18)  used  a  diet  containing  03'  ■  fat  to  prodm  i  ohesitv .  in  this  ex 
perimenl  there  were  as  in  inv  obese  rats  on  307  fat  as  on  0(1  fat  l  alike  the  observations  of 
Yoshida  et  al  (ref  19)  the  calorie  consumption  of  rats  geneialh  increased  as  the  level  of  fat  in 
the  diet  was  raised  from  107  to  307  50 7  and  007 

Somewhat  similar  to  the  results  rejxirted  hv  Freni  li  et  a!  ref  20  after  )  weeks  on  test  the 

levels  of  protein  were  apparentlv  without  effect  on  the  superior  food  utilisation  obtained  with 

tin  high  fat  diets 

We  reeogni/e  that,  wliil'-  carUihvdr.it "  ma\  modifv  the  response  obtained  with  a  diet  there 
may  not  he  a  specific  requirement  for  earUihv  drate  (ref  21  I  n  this  expel  iment  there  did  not 
appear  to  he  am  detrimental  effects  from  feeding  essentiallv  no  e.trhohv  dr.ite,  except  the  small 
amount  used  as  a  diluent  in  the  vitamin  mix,  m  rate  of  the  00'  'at  diets  (diet  15  I  lor  30  weeks. 
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Also,  the  feeding  of  2%  or  less  carbohydrate  in  diets  6,  7,  9  and  11,  while  difficult  to  evaluate, 
appeared  to  be  without  any  gross  harmful  effect  in  terms  of  weight  gain  and  nutrient  efficiency. 

Williams  (ref.  22)  reported  that  BD  is  probably  metabolized  to  beta  hydroxybutyric  acid 
and  then  excreted  via  the  kidneys.  The  results  of  this  study  did  not  appear  to  support  this  con¬ 
tention.  Since  no  significant  increase  in  serum  or  urine  ketone  levels  was  observed  when  BD  was 
fed,  BD  apparently  is  not  metabolized  via  the  ketone  bodies. 

Further  support  for  this  concept  can  be  obtained  from  the  results  of  the  other  assays.  If  BD 
had  been  metabolized  through  lipid  pathways,  a  decrease  in  liver  phosphohexase  isomerase  (PHI) 
might  be  expected  as  occurred  when  increasing  amounts  of  fat  were  added  to  the  diet.  In  addition, 
serum  glucose  and  liver  glycogen  would  be  expected  to  respond  as  when  fat  was  added  to  the  diet. 
Since  the  changes,  with  the  exception  of  liver  glycogen,  were  opposite  to  those  observed  with 
increasing  dietary  fat,  BD  is  probably  metabolized  through  some  portion  of  carbohydrate  metab¬ 
olic  pathways  rather  than  through  those  of  fat  metabolism.  Within  this  context,  the  possible  in¬ 
creases  in  liver  glycogen  with  increasing  dietary  BD  may  be  explained  on  the  basis  that  the  feed¬ 
ing  of  BD  results  in  a  net  synthesis  of  glycogen. 

The  marked  decrease  in  serum  cholesterol  with  increasing  dietary  BD  cannot  be  explained 
at  this  point.  Whether  this  represents  an  inhibition  of  liv  er  cholesterol  synthesis  or  an  interference 
with  serum  transport  is  not  known. 

A  final  comment  should  be  made  of  the  anomalous  behavior  of  the  animals  fed  the  diets 
containing  50%  fat.  In  the  assays  for  PHI,  glucose  and  glycogen,  these  animals  consistently 
demonstrated  a  response  opposite  to  what  might  be  expected.  Although  these  responses  probably 
represent  an  artifact  of  the  experiment,  they  are  being  reexamined  to  determine  their  validity. 

There  is  no  question,  therefore,  that  the  feeding  of  BD  at  levels  of  up  to  20%  of  the  diet  (at 
least)  results  in  no  gross  deleterious  effect  in  terms  or  nutrient  utilization  and  weight  gain.  Further¬ 
more,  the  feeding  of  BD  can  apparently  supply  at  least  6  keal/g  resulting  in  a  net  increase  in 
caloric  density  of  the  normal  ration.  In  addition,  there  apparently  is  no  increase  in  serum  and 
urinary  ketone  body  levels  when  BD  is  fed,  thus  demonstrating  an  increased  usefulness  for  this 
compound  as  compared  to  fat.  Metabolically,  BD  is  apparently  not  metabolized  through  lipid 
pathways,  since  its  effect  on  PHI  and  serum  glucose  resembles  those  of  carbohydrate  rather  than  fat. 

THE  METABOLISM  IN  VIVO  OF  2,4*DIMETHYLHEPTANOIC  ACID 
Introduction 

In  a  previous  report  (ref.  1)  an  argument  was  pieserited  which  demonstrated  that  most 
physiologically  practical  diets  of  high  caloric  density  would  consist  of  75%  or  more  of  fat.  Prior 
to  the  incorporation  of  large  amounts  of  fat  into  a  ration,  either  the  accumulation  of  ketone  bodies 
must  be  prevented  or  that  the  rate  of  acetate  production  must  lie  controlled  or  that  fatty  acids  be 
fed  which  are  not  metabolized  to  acetate.  It  was  further  postulated  that  it  may  be  possible  to 
design  a  fatty  acid  that,  upon  beta  oxidation,  would  be  metabolized  to  propionate  rather  than 
acetate.  This,  in  effect,  would  avoid  the  difficulties  encountered  in  high  fat  diets  by  restricting 
the  production  of  ketone  bodies. 

To  initiate  the  present  study,  it  was  decided  to  synthesize  a  multimethylated  fatty  acid,  2,4- 
dimethylheptanoic  acid  (DMHA),  and  study  its  metabolism  to  determine  if  this  hypothesis  is 
correct. 

The  synthesis  and  initial  toxicity  studies  of  this  compound  have  been  previously  reported 
(ref.  2).  The  present  report  is  concerned  with  a  study  of  the  metabolism  of  2,4-dimethylheptanoic 
acid  labeled  with  CM  in  the  alpha  methyl  group.  For  purposes  of  control  and  comparison,  propio- 
nate-3-C14  was  also  studied. 
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Experimental  Procedure* 

Young  malt*  Sprague-Dawley  derived  (Charles  River  Breeding  Laboratory)  rats  were  used 
in  these  studies.  Prior  to  the  time  of  the  experiment,  the  animals  were  housed  in  individual, 
wire  bottomed  cages,  under  conditions  of  controlled  light,  temperature,  and  humidity. 

The  test  compounds  (DMHA  and  propionate)  were  incorporated  into  agar  gel  diets.  The 
composition  of  the  diet  is  given  in  table  VI.  The  dry  ingredients  ( with  the  exception  of  the  vita¬ 
min  mix)  were  weighed  and  premixed  by  hand.  The  test  compound  was  dissolved  in  the  corn  oil 
and  added  to  the  dry  mix.  The  agar  was  melted  in  Ixiiling  water  and  then  added  to  the  other  in¬ 
gredients  while  mixing  rapidly.  Mixing  was  continued  until  the  diet  had  cooled  sufficiently  for  the 
addition  of  the  vitamin  mix  and  choline  chloride.  The  mixture  was  then  poured  into  shallow  pans 
to  set. 

Animals  were  offered  the  test  diet  containing  the  non-radioactive  test  compound  ad  libitum 
for  an  initial  adaptation  period  of  approximately  3  days.  Following  this  period,  the  animals  were 
fed  by  offering  the  die*  for  2  hours  each  morning  until  they  had  been  trained  to  consume  their 
daily  ration  within  this  period.  The  training  period  normally  took  from  2  to  3  weeks.  At  the  end 
of  this  time,  the  average  daily  food  consumption  was  from  25  to  30  g. 

TABLE  VI 
Diet 


Crams 

casein 

22.0 

sucrose 

12.2 

dextrose 

24.6 

dextrin 

12.3 

salt  mix  W* 

4.0 

vitamin  mix! 

1.0 

choline  Cl  (50%  solution) 

0.4 

agar 

3.5 

corn  oil 

19.8 

test  compound  (DMHAt  or  propionate§) 

0.2 

water 

100 

*L.  G.  Wesson,  Science  75  339  (  1932). 

♦  Vitamin  mix  supplies  the  following  per  1(H)  jjrams  dry  diet:  vitamin  A.  300 
I.U.;  vitamin  D,  30  I.U.;  vitamin  K,  2.5  I.U.;  vitamin  K,  0.5  me.:  thiamine 
MCI,  1  mu.;  riboflavin,  2  mu.:  niacin,  5  mu.;  ascorbic  acid,  20  mu.;  pyridox- 
ine,  1  mu  ;  para  amino  benzoic  acid,  10  mu.;  calcium  pantothenate,  5  mu  ; 
folic  acid,  0.2  mu.;  inositol,  20  mu  .  biotin,  0.05  mu.;  vitamin  B,.,.  0.005  mu 

1DMHA  =  2,4-dimethylhcptanoic  acid. 

§Sodium  propionate-3-C1*  was  purchased  from  New  Hnuland  Nuclear  Cor¬ 
poration,  Boston,  Mass. 


Animals  were  selected  by  weight  for  the  metabolism  studies.  All  animals  were  weighed  the 
morning  of  the  experiment  prior  to  feeding.  The  animals  selected  for  the  test  were  placed  in  all¬ 
glass  metabolism  cages  suitable  for  the  collection  of  respiratory  carbon  dioxide  and  the  separation 
of  urine  and  feces.  After  an  adaptation  period  of  1  hour,  the  animals  were  fed  20  g  of  diet  con¬ 
taining  the  radioactive  test  compound.  General  experimental  details  are  given  in  table  VII.  The 
animals  tested  for  48  hours  were  re-fed  20  g  of  non-radioactive  test  diet  at  24  hours.  The  specific 
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actixits  of  the  propionate  wa>.  i  l  l, (XX)  disintegrations  per  min. /mg  (dpin/mg)  calculated  as  pro- 
pionu  and  Ihe  speeifu  .ieti\ityol  the  DUMA  was  50, (XX)  dpin/mg. 

Hespn a(or\  carbon  dioxide  was  collected  as  follows  Dry,  earlxm  dioxide  free  air  was  pulled 
through  the  indix  idual  cages  into  a  solution  of  cthanola'nine-inethylcellosolvc  (1  2)  (ref  23). 
I  lie  an  was  redried  over  anhsdrnus  ealemm  sulfate  Indore  passage  into  the  ethanoiainme  solution. 
Ihe  collection  eflic  icnc  \  of  earlxm  dioxide  of  this  procedure  has  I  teen  calculated  to  he  99.5%. 1  The 
total  s  olume  of  ethanoiainme  solution  used  fora  collection  period  was  10  ml  for  1  hour  or  less, 
and  7.5  ml  per  hour  for  collection  periods  greater  than  I  hour. 

1  <,)  lingers.  Ml  I  pciMMial  1 1  >1111111111  it  alum,  I'Jtii 


TABLK  Ml 

(General  Experimental  Detail 


Animal 

Weight, 

Duration  of 

Spilled 

No  ’ 

gins. 

Trslrd 

l''.x|x-rnnent,  firs. 

ImxkI,  % 

1-121* 

190 

propionate 

12 

•1.00 

2-121’ 

192 

12 

6.75 

-1-121* 

196 

” 

12 

0 

5-18P 

180 

■18 

0 

10  -151’ 

183 

•18 

0 

5  121) 

207 

DM  H  A  1 

12 

0 

7-I2D 

225 

•• 

12 

12.82 

10-121) 

223 

" 

12 

2.45 

•1-151 ) 

198 

” 

48 

0 

0-151) 

198 

■18 

6.55 

*  In  (In  i  i  m  it  *  «ini  It  >N  cd 

m  thrs* 

sill. lies,  the  first  miin)>er  refi 

■rs  lo  the  individual 

animal,  while 

tin*  St  l  «  MM  1  1 1 1  If  1 1 1  »«*f  rrf 

t*i n  tn  iht 

■  (lor.it loo  nf  the  experiment 

Ihe  letter  refers  lo  (lie  cnm|xmtid 

listed 

l|)\1ll\  )  -I  illlin  t!i\ llicpI.ilKili  acid 


Ihe  etlianolamuie  solutions  were  refrigerated  immediately  after  use  in  the  collect  ion  of  ear 
lion  dioxide  Since  these  solutions  darken  verx  rapid!)  ii[>oii  standing,  ahcpiots  were  taken  as  soon 
as  possihlc  foi  detei  miiintioii  of  rachoac  tivrts  Hachnactis  it)  in  the  earlxm  dioxide  was  determined 
m  a  fulls  automatic  I'll  Carb  Liquid  Scintillation  Counter  using  High  Voltage  tap  7  (  1040  \  ), 
and  discriminator  settings  of  10  and  100  V  A  3  ml  ahcpiot  of  the  ethanoiainme  solution  was 
pipetted  into  2(1  ml  loss  potassium  glass  sials,  15  ml  of  scintillator  solution*  was  then  adder!  Ihe 
solutions  ssere  mixed  ssc  II  hs  hand  and  placed  m  the  frec/cr  at  1C  for  at  Ic  30  minutes  Ix’fore 
c  omit  mg  \  1 1  samples  sseie  c  minted  to  .it  least  10.  (XX)  counts  and  the  counting  ctfieienc  y  determined 
lis  recounting  \s  1 1 1 1  an  added  internal  standard  (  toluene  C",  Ness  Kngland  Nuc  lear  Corp  Boston 
Mass 

leces  and  spi  1  lei  I  food  ssere  separated  hs  hand  ssith  a  [>air  of  forceps  This  is  feasible  for 
agai  gel  diets  i  \c  i  j  i  t  ss  hen  the  animal  c  mini  lies  the  diet  with  its  pass  s  With  this  technique  the 
amount  of  spilled  food  can  he  determined  ssith  an  accuracy  of  greater  than  90%'.  However,  the 
small  amount  of  actisits  found  m  the  feces  is  great!)  affected  hy  traces  of  spilled  fexxi  or  hy 
c  nntuunnutiun  ss  ith  urme 

*  Inherit  iii*  tin It  »N *  2  1 .  1 1 Hit.iintiiu  0  1TO  (  2,5  diplirnylnxa/olc ) 


12 


"3 


The  feres  and  spilled  food  were  hydrolyzed  with  hydrochloric  acid  on  a  steam  hath  lor  2 
hours,  neutralized  with  saturated  sodium  carl>onale  to  phcnolphthalein  endpoint,  then  c entrifuged 
at  2(XX)  rpm  foi  5  minutes.  The  insoluble  material  was  washed  w  ith  alcohol  and  water,  and  the 
washings  added  to  the  supernatant.  The  supernatant  and  washings  were  then  made  up  to  volume 
with  alcohol  in  a  50  ml  volumetric  flask.  A  2-ml  aliquot  w  taken  for  counting,  and  15  ml  of 
scintillator  solution  (ref.  2*1)  was  added  If  necessary,  the  sample  was  decolorized  prior  to  the 
addition  of  scintillator  solution  as  follows:  to  the  2-ml  aliquot  in  the  counting  vial  was  added 
0  2  ml  of  30%  hydrogen  peroxide,  and  the  solution  heated  in  the  tightlv  closed  vial  at  50  (.'  lor 
0  hours. 

At  the  end  of  the  18  hour  experiment  the  animals  were  killed  bv  decapitation  and  the  blood 
collected.  The  stomach  and  the  entire  intestinal  trad  were  excised  and  their  contents  washed 
out  with  distilled  water.  In  the  case  of  the  12-hour  experiment  the  stomach  and  intestinal  con¬ 
tents  were  washed  into  separate  vessels.  The  radioactiv :t\  in  these  samples  was  determined  in  a 
manner  identical  to  that  employed  for  feces  and  spilled  food 

The  urine  was  collected  at  the  end  of  the  experiment.  After  heating  in  a  boiling  vvatei  bath 
for  .30  minutes,  and  centrifuging  to  remove  precipitated  protein,  the  urine  was  made  up  to  a  con¬ 
venient  volume.  A  2-ml  aliquot  was  then  decolorized  with  hydrogen  peroxide  and  counted  as  pre¬ 
viously  dcscrilicd  for  feces  and  spilled  food. 

The  urine  collected  from  animal  number  5  121)  was  concentrated  to  a  small  volume  in  a 
rotary  eva|xirator  under  reduced  pressure,  acidified  with  sulfuric  acid  to  pH  1  and  contmuouslv 
extracted  with  ethyl  ether  for  18  hours  The  other  extract  was  dried  over  anhvdroux  sodium  sulfate. 
It  was  then  concentrated  to  a  volume*  of  10  ml  with  a  stream  of  drv  nitrogen  The  radioac  I iv  itv  in 
a  I -ml  aliquot  was  determined  by  counting  with  10  ml  of  sc  intillator  solution  1  The  remaining  9  ml 
were  concentrated  to  a  volume  of  1  to  2  ml  and  eslerified  with  dia/omethanc 

The  urine  of  animals  7-1213  and  10-121)  were*  combined  and  reduced  to  a  small  volume  in  a 
rotary  evajxirator  under  reduced  pressure.  Ten  ml  of  l()r;  potassium  hvchoxide  were  added  and 
the  resulting  solution  extracted  with  petroleum  ether  to  remove*  free  neutral  lipid  The  aqueous 
basic  solution  was  then  heated  on  a  steam  bath  for  1  hour,  brought  pist  to  drv  ness  in  a  rotarv 
eva|Xirator,  acidified  to  pll  1  and  then  continuously  extracted  with  ether  lor  IS  hours  The  ether 
extract  was  then  treated  as  described  alxivc  for  the  determination  of  radioactiv  it  x  and  esterifica¬ 
tion  of  acidic  material 

Tin*  urine  of  animals  *1^181)  and  6-481)  were  prepared  in  the  same  manner  .is  the  urines  of 
animals  7-121)  and  10  121),  with  the  exception  that  the  ether  extraction  was  performed  in  a 
separatory  funnel  (hatch  extraction). 

A  synthetic  mixture  of  carlxixylie  acid  vas  studied  in  order  to  lest  the  eflicacv  of  the  method 
to  esterifv  and  separate*  by  gas  chromatography  the  types  of  carboxylic  acids  expected  in  urine 
'Hie  esters  that  have  been  studied  are  given  in  table  VIII  Fumaric  acid  and  o  kelo  acids  were 
not  esterified  bv  this  procedure,  (las  chromatographic  separation  of  all  of  the  esters  listed  m  table 
VIII  has  been  achieved  on  two  different  columns.  \  1  meter  column  containing  1()'<  (vv  w)Carbo- 
wax  KXX/  on  Johns-Manville  Chromosorb  P,  60/80  mesh,  at  150  brought  about  the  separations 
shown  m  table  IX  All  the  cnm|x>unds  studied  with  the  exception  of  dimethyl  ghitarate  and  di 
methyl  2  methylglutarate  were  separated  under  these  conditions 

Improved  resolutions  and  specifically  improved  separation  of  the  lower  boiling  esters  was 
achieved  by  using  a  1  meter,  10%  diethyleneglycol  succinate  (I)K(iS)  on  60  65  mesh,  acid  washed 
Chromosorp  P  column  as  KM)  Cl  (table  X).  Resolution  of  higher  boiling  compounds  than  those* 
3  Toliirn«*  containing  0  04%  I’OI’OI’  and  0  4%  I'I'O 


shown  in  table  X  could  be  achieved  on  the  DECS  column  at  higher  temperatures  than  100°C. 
In  general,  the  resolution  of  a  group  of  compounds  in  a  particular  boiling  range  was  better 
achieved  on  the  DECS  column  than  on  the  Carbowax  column. 


TABLE  VIII 


Comjwunds  Studii  Jurin g  Development  of  a  Gas  Chromatographic  Method  for  Analyst* 
of  Methyl  Esters  of  Certain  Mono-  and  Polycarhoxylic  Acids 


Monocarboxylic  Esters 

Dicarboxyl  ic  Ester 

Tricarboxylic  Esters 

Methyl  3-hydroxybutyrate 
Methyl  4-methylheptanoate 
Methyl  2,4-dimethyl- 
heptanoate 

Dimethyl  oxalate  Dimethyl  2-inetylmalonate  Trimethyl  citrate 
Dimethyl  malonate  Dimethyl  2-methylsuccinate 

Dimethyl  glutarate  Dimethyl  2-methylglutarate 

Dimethyl  adipate  Dimethyl  inalate 

Dimethyl  sebacate 

TABLE  IX 

Gas  Chromatographic  Separation  of  Certain  Methyl  Esters 
the  Carbowax  Column  at  150QC 

on 

Ester  Relative  Retention  Time* 

Methyl  2,4-dimethvlheptanoate 

0.378 

Dimethyl  oxalate 

0.440 

Dimethyl  2-methylmalonate 

0.475 

Dimethyl  malonate 

0.598 

Dimethyl  2-methylsuccinate 

0.890 

Dimethyl  succinate 

1.00 

Dimethyl  glutarate 

1.49 

Dimethyl  2-methylglutarate 

1.49 

Dimethyl  adipate 

2.48 

Dimethyl  2-hydroxysuccinate 

5.15 

Dimethyl  sebacate 

14.4 

Trimethvl  citrate 

24.8 

•Relative  to  methyl  succinate  (tp=  4.1  min. ) 


The  esterfied  urine  extracts  were  chromatographed  on  the  DECS  column  at  100°C.  Under 
these  conditions  the  latest  peak  emerged  at  alxnit  75  minutes.  The  entire  effluent  of  the  chromato¬ 
graph  was  trapped  directly  in  the  counting  vials  in  toluene-PPO-POPOP  scintillator.  Individual 
peaks,  or,  where  this  was  not  possible,  groups  of  peaks,  were  also  trapped  in  this  manner  for  de¬ 
termination  of  radioactivity. 

When  individual  peaks  on  the  DECS  column  contained  significant  amounts  of  radioactivity, 
they  were  trapped  in  l-ml  conical  centrifuge  tubes  at  liquid  nitrogen  temperature.  This  trapping 
process  was  repeated  until  sufficient  material  had  been  collected  for  infrared  analysis. 
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TABLE  X 


Gas  Chromatographic  Separation  of  Certain  Methyl  Esters  on 
the  DECS  Colums  at  100°C 


Ester 

Relative  Retention  Time* 

Dimethyl  oxalate 

0.383 

Dimethyl  2-methylmalonate 

0.461 

Dimethyl  malonate 

0.651 

Dimethyl  2-methylsuceinate 

0.804 

Dimethyl  succinate 

100 

Dimethyl  2-methylglutarate 

1.49 

Dimethyl  glutarate 

1.68 

Dimethyl  adipate 

2.75 

•Relative  to  methyl  succinate  ( tr  =  22.4  min. ) 


Immediately  following  decapitation,  approximately  500  mg  of  liver  was  removed  from  the 
animal,  weighed  as  quickly  as  possible,  and  then  immersed  in  5  ml  of  30%  ( w/v )  potassium  hy¬ 
droxide.  Glycogen  was  then  isolated  by  the  method  of  Good,  Kramer,  and  Somogyi  (ref.  13) 
The  isolated  glycogen  was  converted  to  glucose  by  hydrolysis  with  0.6  N  hydrochloric  acid  in  a 
boiling  water  bath  for  2  hours.  Glucose  was  then  determined  colorimetric-ally  in  the  Technicon 
Autoanalyzer  by  measuring  the  extent  to  which  ferricyanide  was  reduced  to  ferrocyanide.  This 
method  gave  a  linear  relationship  between  optical  density  and  glucose  over  the  range  50  to  2000  8 
of  glucose.  Radioactivity  in  glucose  was  determined  by  counting  a  1-ml  aliquot  of  the  glycogen 
hydrolyzate  in  15  ml  of  scintillator  solution4  at  High  Voltage  Tap  5  (  960  V ). 

The  washings  and  supernatants  collected  during  the  isloation  of  glycogen  were  combined 
and  extracted  with  petroleum  ether  (bp  30-60°C)  to  isolate  nonsaponifiable  material.  The  petro¬ 
leum  ether  was  evaporated  with  a  stream  of  dry  nitrogen.  The  residue  was  then  redissolved  with 
2  ml  of  petroleum  ether,  transferred  to  a  counting  vial,  and  10  ml  of  scintillator  solution''  added. 
Counting  was  done  at  High  Voltage  Tap  4  (880  V). 

The  extracted  alcohol-aqueous  phase  was  acidified  with  concentrated  hydrochloric  acid  to 
pH  1  and  re-extracted  with  chloroform-heptane  (2:1,  bottom  phase)  to  remove  fatty  acids.  The 
extracted  fatty  acids  were  taken  to  dryness  overnight  in  a  vacuum  dessicator.  The  residue  was 
redissolved  in  petroleum  ether  and  counted  as  described  above  for  nonsaponifiable  material. 

The  upper  aqueous  alcohol  phase  was  adjusted  to  a  convenient  volume,  and  a  2-ml  aliquot 
counted  under  the  conditions  described  for  feces  and  spilled  fowl. 

Following  the  removal  of  a  section  of  liver,  the  left  epidydimal  fat  pad  was  removed, 
weighed,  and  placed  in  10  ml  of  chloroform-methanol  (21).  The  fat  pad  was  allowed  to  remain 
in  the  chloroform-methanol,  with  occasional  agitation,  for  24  to  48  hours.  The  solvent  was  then 
decanted,  and  the  process  repeated  twice  with  fresh  5-ml  portions  of  solvent.  The  combined  ex¬ 
tracts  were  brought  to  dryness  with  a  stream  of  nitrogen,  and  then  counted  as  described  for  liver 
fatty  acids. 

The  remaining  carcass,  including  the  washed  stomach  and  intestines,  and  blood,  were  stored 
at  — 40°G  until  analysis.  The  carcass  was  then  freeze-dried  in  the  MIT  Pilot  Plant  Freeze  Drier. 
The  dried  carcass  was  weighed  and  then  dissolved  in  2  liters  of  15%  ( w/v )  potassium  hydroxide 

4  Xylene :dioxane:cellosolve  =  1:3:3,  containing  1%  PPO,  0.5%  POPOP,  anti  H.O'/r  naphthalene. 

5  Toulene  containing  0.04%  POPOP  and  0.4%  PPO. 
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in  40%  (v/v)  ethyl  alcohol.  A  25-ml  aliquot  of  the  carcass  solution  was  acidified  to  pH  1  with 
concentrated  hydrochloric  acid,  and  extracted  with  chloroform-heptane  (2:1)  to  remove  fatty 
acids.  The  activity  in  the  fatty  acids  was  determined  as  described  above  for  liver  fatty  acids. 
A  2-ml  aliquot  of  the  remaining  aqueous  phase  was  decolorized  with  hydrogen  peroxide  and 
counted  as  described  for  feces  and  spilled  food. 

Results 

The  cumulative  percent  recovery  in  respiratory  COj  of  CH  activity  ingested  from  propionate 
and  DMHA  is  shown  in  figure  3.  Since  the  number  of  animals  in  each  group  was  relatively  small, 
the  entire  range  of  values  is  plotted  at  each  point  rather  than  the  mean  and  standard  error. 


0  4  8  12  16  2  0  24  2  8  32  36  4  0  4  4  4  8 

TIME.  HOURS 


Fig.  3.  Cumulative  Percentage  of  Recovery  of  Ingested  Activity 
in  Respiratory  GO* 

As  illustrated  in  figure  3.  the  time  required  for  50%  conversion  of  DMHA  to  COL.  is  6  hours 
longer  than  that  required  for  propionate  conversion.  At  48  hours  20%  more  propionate  than 
DMHA  had  been  converted  to  COj. 

The  rate  of  appearance  in  respiratory  COL.  of  ingested  activity  from  propionate  and  DMHA 
is  shown  in  figure  4.  These  data  were  calculated  by  dividing  the  total  activity  accumulated  in  a 
given  collection  period  by  the  number  of  hours  in  that  collection  period.  The  values  thus  ob¬ 
tained  were  plotted  at  the  time  corresponding  to  the  middle  of  that  collection  period.  In  figure  4, 
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TABLE  XII 


Summary  of  the  Recovery  of  Radioactivity 
from  2,4-Dimethylheptauoic  acid-2-methyl-C M  * 


Animal  No. 

5-1 2D 

7-1 2D 

10-12D 

4-48D 

6-48D 

Stomach  contents 

25.29 

5.70 

8.83 

— 

— 

Intestinal  contents 

4.97 

6.71 

5.74 

0.21 

0.32 

Respiratory  COL. 

30.00 

34.17 

31.59 

63.99 

59.59 

Urine 

11.52 

r 

14.26 

21.58 

24.23 

Feces 

0 

o.Oo 

0.075 

1.60 

1.01 

Total  Carcass  Lipid 

10.86 

14.21 

16.30 

7.10 

6.57 

Total  Carcass  Nonlipid 
Recovery  %  of 

19.86 

21.35 

16.61 

15.10 

13.56 

administered  radioactivity 

102.50 

99.21 

93.41 

109.58 

105.28 

•Values  are  given  in  percent  of  ingested  activity. 


drop  in  rate,  however,  was  much  less,  and  the  rate  of  drop  slower  than  that  obtained  for  propionate. 

The  amount  of  food  spilled  by  each  animal  is  reported  in  table  VII  as  percent  of  the  amount 
fed.  The  amount  spilled  food  is  generally  small  but  quite  variable. 

The  data  for  feces,  stomach  contents,  and  intestinal  contents  are  given  in  tables  XI  and  XII. 
In  the  experiment  with  propionate,  the  feces  were  contaminated  with  urine  and  spilled  food. 
These  data,  therefore,  are  valid  only  for  calculations  of  total  recovery.  Recovery  from  intestinal 
contents  indicates  that  propionate  was  much  more  rapidly  absorbed  than  DN1HA.  This  may  be 
due  to  the  relative  water  solubilities  of  these  compounds.  Creator  variability  was  observed  for 
DMHA  than  for  propionate  in  the  amount  of  activity  remaining  in  the  stomach  12  hours  after 
feeding.  The  rate  at  which  food  is  consumed  can  significantly  affect  stomach  emptying  time. 

All  of  the  results  reported  in  this  investigation  have  been  corrected  for  spilled  food  and  are 
reported  as  percent  of  ingested  activity. 

The  fraction  of  ingested  activity  that  appeared  in  glycogen,  fatty  acids,  and  aqueous  soluble 
material  of  liver  tissue  is  shown  in  figure  5.  An  insignificant  amount  of  radioactivity  was  found 
in  the  non-saponifiable  fraction  of  liver  tissue.  At  48  hours,  there  appears  to  be  little  significant 
difference  in  any  of  these  tissue  components  between  propionate  and  DMHA.  Although  activity 
in  liver  fatty  acids  at  12  hours  is  slightly  greater  for  DMHA  than  for  propionate,  it  is  not  known 
how  much  of  this  may  be  due  to  unmetabolized  DMHA.  Furthermore,  the  overall  incorporation 
of  activity  into  fatty  acids  is  quite  small  for  both  propionate  and  DMHA. 

Aeid-2-Methyl-C14  in  Lipid-Soluble  and  Non-Lipid  Soluble  Fractions  of  Rat 

The  percent  liver  glycogen  and  the  ratio  of  the  specific  activity  of  liver  glycogen  to  the 
specific  activity  of  the  test  compound  is  given  in  table  XIII.  The  magnitude  of  this  latter  ratio  is 
similar  for  both  DMHA  and  propionate  at  both  12  and  48  hours.  There  is  probably  no  statistical 
difference  between  propionate  and  DMHA  in  this  respect.  Although,  at  12  hours,  the  amount  of 
liver  glycogen  is  greater  for  propionate  than  for  DMHA,  all  of  the  values  obtained  are  within 
the  normal  range  for  young  adult  rats. 

A  significantly  greater  amount  of  activity  was  found  in  the  urine  of  animals  fed  DMHA  than 
of  those  fed  propionate  ( tables  XI  and  XII ). 

The  nature  of  the  activity  contained  in  the  urine  of  animals  fed  DMHA,  as  percent  of  total 
activity  in  urine,  is  summarized  as  follows: 
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PERCENT  INGESTED  ACTIVITY  PER  GRAM  OF  TISSUE 
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(.as  chromatographic  analysis  <  r  the  esterified  urmr  extracts  indicated  that  the  peaks  m  tin 
conjugated  and  niincxiiijii^uted  fractions  uere  similar  hut  not  identical  Three  peaks  were  of 
much  greater  intensity  in  (lie  extract  of  saponified  lima  than  in  that  oi  nunx.i|>omfied  urine 
fins  difference  in  mtensitv  aeeounted  foi  most  of  the  diffeieiue  in  aetivilv  reeoveied  liy  ether 
extraction 


TAltl.l.  Mil 


Haduxu  In  i ly  in  (  dt/i  /rorn  l'ru]itoiuitr  mul  I  )\l  1 1  A  * 


Animal  No 

(  !oiII|H>linii  !  rsh  tl 

1  l\  rf  n,  '/< 

\|»  .H  t  ^1\  inst  il 

i  (10- 

s|i  .n  (  torn|M  mil 

1  121M 

I’ropionate 

5  05 

0.015 

2-121* 

5  15 

0  715 

•1-121’ 

5  82 

0  777 

5-181’ 

2  52 

0  105 

10-181’ 

1  8.5 

0  007 

5-121) 

DMIIA* 

1  0-1 

1  200 

7  121) 

3  08 

1  000 

10-121) 

•* 

3  12 

0  00-1 

<1-181 ) 

2.. 30 

0  1  13 

0-181) 

2.17 

o.ooo 

*  DM  1 1 A  2.1  (llinethv  Ihept.iiiiiu  ,i<  III 

I  Die  12  or  1H  in  tlie  Aiiini.ii  N  mill  mi  nlers  to  the  iliu.ition  ol  llie  i  v|m  iiiiient  in  liours 


When  eon  i  parts  I  to  the  retention  volumes  of  other  tin  urlmxv  lit  esleis  on  a  1)H(!S  column, 
tfie  retention  volumes  of  two  of  these  peaks  (A  and  It,  figure  hi  indicated  that  these  fractions 
were  m  the  ImmIiii^  ranine  of  a  (  l7  ilicarlxixylu  (limethv  I  esti  r  A  and  It  accounted  lor  57  2N  of 
total  ether  extraetahle  activity  The  third  ocak  (  figure  ft)  nave  a  retention  time  which  did 
not  corr ‘s|miii(I  to  any  chearlxixy Ik  ester  and  contained  7  \  ■  of  the  total  ether  extract. ilile  ae 
t  iv  its  The  |>eak  eorrexjiondmj'  to  dmiethv  I  succinate  <  out  allied  2  .T  of  the  total  ether  ext  metallic 
activitv  I  fiese  j  h-;i  k  s  were  the  only  ones  directly  mv  ext  mated  hei  ause  thev  represented  the  major 
jxirt'on  of  urine  activity,  and  w  re  present  m  sullii  lent  rpiantitv  to  cnahle  further  investigation 
No  j >ea ks  exiulel  lie  recoin i/< si  w  hu  h  correspond  to  the  cl  last  ere  oi  somers  of  I  )\1 1 1  \  However, 
the  earlv  part  of  the  chromatogram  was  (pule  crowded  due  to  the  presence  of  the  many  low 
Ixuhnj'  esters  present  in  esterified  urine  extracts  A  hutch  ether  extraction,  vvliuli  was  performed 
on  the  comhmed  urine  of  animals  -1  181)  and  h  INI ) .  would  vield  an  extract  which  would  favor 
the  more  lipid  soluble  material  in  nreie  Succinic  ac  id,  for  example,  can  onlv  he  completely  iso 
lated  with  IS  hours  of  continuous  ether  extraction  This  hatch  extraction  ^reallv  reduced  the  m 
lensitv  and  nu.nlier  of  the  peaks  m  the  early  part  of  tin  chromatogram  ( ej;,  lactate  oxalate 
^lycxil.lte,  etc),  while  no  effect  c  mid  lie  observed  on  peaks  A  It,  and  ('  Significant Iv  although 
I ) \1 1  i  A  is  known  to  lie  very  reachlv  extracted  with  ether,  no  peak  lor  the  rnetliv  I  ester  of  I  )  M  1 1 A 
could  lx  observed  in  the  esterified  hate  h  extra<  t 

I  he-  infrared  sjx-ctra  of  jx-aks  A  and  It  were  essentiallv  identical  Ixitli  as  pure  hepnds  and 
in  the  earfxin  tetrachloride  solution  I  lux  evidence,  and  the  fact  that  no  peaks  for  the  eliasterco 
isomers  of  DMIIA  were  delected  indicated  that  peikx  \  and  It  mmht  he  chastereoisomers  The 
sjX'c  tr.i  of  A  and  It  showed  eonc  lusiv elv  that  these  oiiiijxiiincls  were  esleis  The  mtensitv  of  the 
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carbonyl  band  at  5.75  microns  to  the  C-H  band  at  3.35  microns  was  similar  to  that  found  in 
dimethyl  adipate  and  suggested  that  these  compounds  were  dicorboxylic  esters.  The  presence 
of  a  band  at  7.25  microns  indicated  the  presence  of  methyl  groups  in  peaks  A  and  B.  Further¬ 
more,  the  band  intensities  at  6.85  microns  for  C-CH:,  and  at  6.96  microns  for  0-CH:,  were  equal, 
indicating  that  the  same  number  of  methyl  groups  and  methoxy  groups  might  be  present  in  each 
compound.  On  the  basis  of  the  above  evidence  and  review  of  spectra  of  known  esters,  A  and  B 
were  tentatively  identified  as  diastereoisomers  of  dimethyl  2,4-dimethylpimelate,  eg,  Formula  1 
below. 

Formula  1.  CHaO.CCH.CH.CHCH.CHCO^CH , 

CH3  CH., 

The  mass  spectrum*  of  B  indicated  fragment  peaks  typical  of  dicarboxylic  esters  (ref.  25). 
Although  the  most  easily  identified  peak  in  a  mass  spectrum  is  often  the  molecular  weight  peak 
(M,  M=216  for  I),  under  the  conditions  used  no  peak  for  M  was  obsersed  because  of  the  high 
probability  of  bond  rupture  found  with  esters.  The  peak  at  highest  mass  to  charge  ratio  obtained 
was  at  m/e  185.  This  peak  corresponds  to  loss  of  methoxy  from  the  ester  group  and  is  normally 
the  highest  peak  observed  in  the  spectra  of  these  compounds.  The  presence  of  fragment  peaks 
at  m/e  74  and  m/e  88  as  well  as  at  m/e  142  (M-74)  and  m/e  128  (M-88)  is  further  proof  of 
structure  I  in  that  these  peaks  are  typical  of  the  rearrangement  peaks  normally  observed  in 
the  mass  spectra  of  methyl  esters  and  a-methyl  substituted  methyl  esters.  All  of  the  major  peaks 
in  the  mass  spectrum  of  B  would  be  expected  if  the  compound  were  dimethyl  2,4-dimethylpimelate. 

The  specific  activity  of  peaks  A  and  B,  on  a  volumetric  basis,  was  90%  of  the  specific  activity 
of  DMHA. 

The  infrared  spectrum  of  peak  C  was  remarkably  similar  to  the  infrared  spectrum  of  the 
in'  1  ester  of  DMHA  with  respect  to  the  position  of  the  bands  in  the  region  from  5  to  9.5  microns. 
The  spectrum  showed  that  C  was  a  monomethyl  ester  of  an  alkyl  carboxylic  acid.  The  relative 
intensities  of  the  bands  for  C-CH.,  and  O-CH.-,  were  similar  to  that  obtained  from  the  methyl 
ester  of  DMHA  and  indicative  of  the  same  type  of  chain  branching.  One  of  the  most  character¬ 
istic  bands  in  the  spectrum  of  peak  C  was  the  band  in  the  region  of  2.85  microns.  This  band  did 
not  correspond  to  a  carbonyl  overtone  of  the  band  at  5.76  microns  and  is  at  a  position  where  a 
band  for  an  aliphatic  hydroxy  compound  would  lx*  expected  (ref.  26).  Further  proof  that  peak  C 
is  a  hydroxy  compound  is  afforded  by  the  fact  that  the  band  in  the  region  of  2.85  microns  is  dis¬ 
placed  to  higher  frequencies  upon  dilution.  Peak  C  was  tentatively  assigned  the  structure  of 
methyl  3-hydroxy-2,4-dimethvl  heptanoate  formula  2  below  and  based  on  the  evidence  described 
above. 

OH 

Formula  2.  CH  ,CH..CH,CHCHCHCO,CH , 

CH,  CH, 

There  was  not  enough  material  present  to  obtain  a  mass  spectrum  of  this  compound. 

The  fraction  of  ingested  activity  that  appeared  in  the  total  lipid  from  epidvdimal  fat  pad  is 
shown  in  fig.  5.  There  is  no  significant  difference  between  DMHA  and  propionate  at  12  hours. 
While  the  amount  of  activity  in  the  fat  pad  at  48  hours  is  slightly  higher  in  animals  fed  DMHA 
than  in  those  fed  propionate,  this  difference  is  small  and  may  or  may  not  be  significant. 

The  residual  radioactivity  in  the  lipid-soluble  and  aqueous-soluble  fractions  of  the  carcass 
are  given  in  tables  XI  and  XII.  In  addition,  the  total  recovery  of  radioactivity  from  all  fractions 
is  also  given.  The  activity  in  the  tissues  removed  for  analysis  is  included  in  table  XI  for  the 

*The  mass  spectrum  was  obtained  on  a  CF.C21-130  Mass  Spectrometer  by  the  Chemistry  Department,  M.I.T. 
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purpose  of  calculating  total  recovery  of  the  radioactivity  administered  as  propionate.  In  the  case 
of  the  experiment  with  DMHA  (table  XII  ,  this  figure  was  emitted  because  it  constituted  an 
insignificant  fraction  of  the  total. 

At  12  hours,  the  total  activity  in  carcass  lipid  is  greatei  tor  DMHA  than  for  propionate,  but 
the  values  for  the  two  test  compounds  are  similar  at  48  hours.  At  12  hours  in  particular,  it  is  not 
known  how  much  of  this  lipid-soluble  activity  uue  to  unmetabolized  DMHA.  Although  the 
activity  in  the  nonlipid-soluble  fraction  of  the  carcass  is  greater  for  propionate  than  for  DMHA 
at  12  hours,  the  difference  is  small.  It  is  questionable  whether  the  difference  is  significant. 

In  all  but  one  case  (4-I2P)  the  recovery  of  administered  activity  is  100±l()r>.  In  general, 
the  duplication  of  measurements  reported  in  this  study  were  within  1  or  2 r'<  of  the  tabulated 
values.  The  greatest  inherent  errors  are  present  in  the  measurement  of  activity  in  nonhomogeneous 
systems,  such  as  feces,  and  highly  quenched  systems,  such  as  occur  with  saponification  of  the 
entire  carcass.  It  is  not  at  all  well  understood,  however,  where  the  major  sourer  s  of  error  occur  in 
calculating  the  recovery  of  the  administered  activity 

Discussion 

It  was  the  goal  of  this  study  to  investigate  the  hypothesis  that  2,4-dimcthylheptanoic  acid 
(DMHA)  would  be  metabolized  by  /3-oxidation  to  propionate  moieties.  This  process  would  yield 
a  net  synthesis  of  glycogen.  Therefore,  this  fatty  acid  would  be,  in  effect,  a  nonketogenic  source 
of  energy. 

The  oxidation  of  the  a-methyl  carbon  of  DMHA  to  COj  was  less  complete  and  occurred  at 
a  slower  rate  than  did  the  oxidation  of  carbon  3  of  propionic  acid.  Since  the  carboxyl  groups  of 
even  numbered  short  chain  fatty  acids  arc  oxidized  to  C()_.  at  essentially  the  same  rate  and  to 
the  same  extent  (ref.  27),  the  oxidation  of  DMHA  apparently  is  blocked  to  some  extent. 

The  appearance  in  urine  of  a  significant  amount  of  the  ingested  activity  of  DMHA  is  further 
evidence  that  this  compound  offered  some  resistance  to  oxidation.  The  sum  total  of  activity  in 
urine  and  COa  is  approximately  the  same  at  both  12  and  48  hours  for  both  DMHA  and  propionate. 
This  may  be  interpreted  to  mean  that  the  rate  of  metabolism  of  lx >tli  compounds  is  equivalent. 

It  is  difficult  to  unambiguously  interpret  the  data  obtained  in  the  examination  of  urine  of 
animals  fed  DMHA.  The  bulk  of  activity  in  the  urine  could  lx-  accounted  for  by  w-oxidation  of 
DMHA  to  2,4-dimethylpimelie  acid  (DMPA).  The  specific  activity  of  DMPA  was  such  that 
DMHA  apparently  was  its  direct  precursor.  DMPA  has  not  lx'en  previously  identified  as  a  com¬ 
ponent  of  rat  urine.  Thomas  and  Weitzel  (ref.  28)  have  shown  that  dicarboxylic  acids  are  not 
readily  metabolized  in  the  intact  animal.  The  dicarboxylic  acids  which  arise  in  vivo  are  generally 
the  pnxluct  of  o>-oxidation  of  acids  of  medium  chain  length  (ref.  2P',  a  classification  which 
wmdd  certainly  include  DMHA.  Although  the  fact  that  any  w-oxidation  of  DMHA  took  place 
is  indicative  of  some  hindrance  of  /3-oxidation,  the  extent  of  co-oxidation  may  lx-  less  in  a  longer 
chain  acid.  While  Tryding  and  Westoo  (ref.  30)  observed  a  small  amount  of  co-oxidation  of 
a-methylstearic  acid  to  a-methyladipic  and  a-methylsuccinic  acids,  a  considerable  amount  of 

degradation  of  the  Cm  chain  was  requisite  to  the.  formation  of  these  dicarboxylic  acids.  It  is 

not  known  by  what  process  this  degradation  occurred.  However,  the  initial  step  in  this  process 
may  be  assumed  to  be  the  oxidation  of  the  terminal  methyl  carlxrn  atom.  Thus,  it  might  be 

possible  to  interpret  the  extensive  excretion  of  the  w-oxidized  product  of  DMHA  as  a  function 

of  the  chain  length  of  this  acid.  Any  form  of  substitution  on  the  main  carbon  chain  may  possibly 
afford  some  hindrance  to  /3-oxidation. 

Further  proof  of  the  hindrance  to  /3-oxidation  offered  by  the  alkyl  substituted  structure  of 
DMHA  is  the  tentative  identification  of  the  /3-hydroxy  derivative  of  DMHA  in  urine.  The 
prcKess  of  /3-oxidation  involves  a  number  of  steps  and  intermed  ates  prior  to  the  shortening  of 
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tli<  (  arlxill  i  1 1.1 1 1 1  hs  2  i  .iiImiii  atoms  One  nf  these  intermediates  is  tile  /ihsdruw  deris.ltixe  ill 

tin  11r1j4m.1l  l.itts  ,ui(l  While  tin  lioini.il  met.ll  x  ilite  /f  li\ dims  lull  \  1  .ite  has  ol  (ourse  heeli  oh 

seised  m  iiiiik  theie  is  110  pies  ions  report  in  the  liter. lime  ol  the  nei  111 1  em  e  ol  .1  /fhsdrnxs 
dertx  at  is  e  of  a  l.itts  .-eld  111  iiiiik  I  he  eonsersion  ol  fi  lis  di  os  s  I  ).M  1 1 A  to  fi  ketn  I  )\|  1 1 A  mas 
lx  0111  ol  the  sli  ps  at  sslm  h  a'ks  I  suhst  it  lit  1011  ol  tin  mam  (  .ulmn  i  ham  stern  alls  hmileis  alt. 11  h 
mi  lit  ol  I  )M  1 1  A  to  (In  en/\iii(  smlaee 

I  he  stern  liindiami-  to  /j  oxidation  presented  hs  the  tsso  mellisl  groups  ol  DMIIA  is  not 
ne. iris  as  extensisi  is  that  loimd  ssith  .11  ids  rlonhls  substituted  on  tin  o  (  arhon  itom  I'rxd  11114 

and  \\  estoo  (  rel  10  icported  mils  1!  eonversion  el  tin  i.ulxixx  141  imp  ol  2.2  dnnetlis  Istearn 

.uid  to  (  ar  Im  hi  dioxide 

It  is  not  understood  xxhethcr  the  or  oxidation  ol  DMIIA  e  related  to  its  slight  toxu  its  .  and 
thendme.  a  detoxn  ahmi  rear  (ion  Toxuities  ol  an  mdei  ol  in,  1  j^i  1 1 1  tide  similar  to  ill. it  of  DMIIA 
and  its  s« k i m  1 1 1 1  salt  hase  heeli  ohsersed  for  almost  all  l.itts  .aids  ol  1  ham  lengths  less  than  () 
i.irlxiii  atoms  (  lei  dl  .  and  lor  trichlorides  of  these  l.itts  ,n  ids  (rel  .’12  1  I  in  ■sc  tnxn  responses 
are  presmnalih  dm  to  the  ellei  t  ol  the  loss  moleeiilar  ssi  i^ht  (alts  .u  id  anions  on  tin  icritral 
ners'ous  sxste'.n  'nine  (iietarx  short  (ham  .u  ids  are  lominmils  eonsuined  without  evidence  ol 
toxic  response,  the  toxu  its  ol  DMIIA  mas  he  1  xpei  ted  to  he  eonsnlerahlx  reduced  ss  lion  led 
as  part  ol  .1  mixed  diet  llusseser  the  ohsersed  o»  oxidation  (ould  i  mireis  ahls  he  a  deloxieation 
iiiri  lianism 

Neither  DMIIA  nor  piopionate  ssas  a  si  rs  ellei  list  prei  ursm  ol  l.itts  .11  ids  m  the  rat 
I'urthei more,  cholesterol  and  nonsaponiliahle  material  emit, lined  little  01  no  .utisils  from  these 
compounds  \(  elate,  on  the  other  hand,  is  nnidi  more  ellei  tise  than  propionate  as  a  pre<  ursor 
ol  l.itts  .unis  in  the  rat  in  sisn  I  his  ssmild  stronch  mdn  ate  that  DMIIA  ssas  not  inetalxili/ed 
duel  t  Is  through  .u  elate 

Ihe  largest  amount  of  .utisits  from  DMIIA  in  liser  tissue  ssas  m  jdseo^eii  and  in  the 
.upieous  soluble  material  I’art  of  the  difference  helsseeli  DMIIA  and  piopionate  ill  this  respei  t 
iiui'hl  he  .i((ounted  for  hs  unoxull/ed  l)MII\  DMIIA  that  had  not  lx  on  metaltoli/ed  ssould 
appear  m  the  l.itts  .Kill  fraction  of  the  lisei  ss  tide  unoxidi/ed  piopionate  ssould  he  pieseul  in 
the  .K|i:eous  solid  le  fraction  I  he  fait  that  little  or  no  dilleicint  (.11  he  found  hetssien  DMIIA 
and  pmpinnatc  in  theselr.Ktimis.it  IS  horns  ssould  lend  to  suhst. ml  late  tins  interpretation  situ  e 
tin  animals  sseie  icleil  the  test  compounds  a!  21  horns  I-  urthei  unite  the  oserall  rechution  ol 
1 1  pul  soli  1 1  lie  .k  t  is  its  m  the  1  an  ass  I  rum  1  2  ti  1  IS  hoi  n  s  is  141  cal  ct  fin  DM  I I  A  t ha n  for  propionate 

I  he  1  lassn  al  method  ol  delermmmc  sshethei  m  not  a  suhst. line  ssill  eontrihute  to  a  net 
ssnthesis  ol  14k  oi4en  in  siso  lias  heen  to  feed  the  suhst, line  in  (piestion  to  a  lasted  animal 
Sun  e  .11  elate  i.irlmri  1  an  he  unmpmated  into  14k  ( 0141-11  throui(h  the  citric  acid  iscle  a  I11J4I1 
pro|x>rtion  ol  1  dm. n  (is, Is  m  ,n  elate  can  lx  found  memporated  in  ^Isin^en  under  (ondilions 
sshere  there  is  little  or  no  net  ssnthesis  of  14I)  1-0141-11  sin  !i  as  in  the  lasted  animal  Ihe  extent  ol 
this  mi  orpmnfimi  is  Ccncralls  small  in  the  fid  animal  <  )r  1  tlx  other  hand  propionic  ,11  id  is  a 
direct  souk  e  of  sin  (  mn  .11  id  and  1  an  141  se  rise  to  a  net  ss  lit!  esis  ol  14k ( -0141-11  111  tlx  lasted  or  tin- 
led  animal  \  (  mu  pari  son  ol  the  net  uu  or  porat  ion  ol  the  I  i  arlxni  ol  prop  innate  and  the  o  met  I  is  I 
i.iilxiii  ol  DMIIA  into  j4ls  1014011  sliosss  that  the  eoiitiihution  to  ^kco^en  (,ulx-ri  Irutn  e.n  h  ol 
these  (  (impounds  is  appruxmiatels  the  same  I  he  data  ssould  mdn  ate  that  propionate  is  an 
obligators  intermedia  in  the  imisersion  of  DM  1 1  A  to  14k  1  oj4en.  i  mifununp  the  hs  pothesis  that 
a  nnituneths  la  ted  l.itts  n  id  1.111  serxe  to  hs  pass  the  ( It  iln  11  It  ies  obtained  in  I11J4I1  lat  diets 
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SECTION  III. 

The  Direct  Small  Animal  Calorimeter 


\ 1 1  cxtiemeK  s< •  i »s 1 1 1 \ « •  rat  si/<  animal  calorimeter.  capable  nl  automatically  recording  intlc 
pendent  nr  \mn  ilia  neons  direct  and  mdiiecl  heal  output  mcasniemcns  (or  periods  .is  long  as 
2-f  hours  has  heen  designed  (null,  and  tested  The  direr  I  <  alornneler  has  been  thoroughly 
csaluated  and  shtmn  to  he  operational,  while  the  indirect  calorimetn  system  is  still  in  the 
experimental  design  stair 

I  lie  direct  calorimeter  is  haserl  on  the  thermal  gradient  print  iplt  ol  Ifeii/mgcr  anti  kit/mger 
(  rel  .'VI )  as  adapted  to  the  use  ol  multilhermocouple  heat  lloxs  meters  h\  I  luebschiT  el  al  ie( 
'1-1  )  In  direct  calorimetry  the  animal  as  the  heal  source  is  completely  eiuloscrl  h\  (hr  heat  How 
meters  Ihe  heal  produced  h\  the  animal  creates  a  temperature  thllcrencc  hetween  the  surface 
of  the  heat  floss  meters  facing  the  animal  anil  the  opposite  surfaces  which  are  maintained  at 
a  constant  temperature  Ihe  temperature  different  i.d  or  thermal  giathcnt  results  m  a  response 
which  is  indicative  of  the  rate  of  heat  energy  floss  through  the  heat  floss  meters 

The  indirect  calorimeter  system  sxas  designed  to  measure  the  changes  m  oxsgen  and  carbon 
dioxide  content  of  air  passing  through  the  direct  caloiunctcr  chamber.  Changes  m  gas  concen 
Iration  are  determined  hv  gas  chromatographs  using  the  teilmiipie  of  llrenner  and  Ciepluishi 
(ref  .V) )  and  others  Heat  prorluction  can  then  be  tabulated  from  the  caloric  value  of  the 
oxsgen  cxinsumetl  anti  the  carlion  dioxitle  protlucetl 


AIR 

lie  7  floss  diagram  of  Animal  Calorimeter  ssith  Altai  bet  I  Ktjuipincnt 


The  direct  calorimeter  has  proven  to  be  a  reliable  and  precise  instrument.  Description  of  both 
direct  and  indirect  systems  with  main  construction  details  are  presented  but  the  main  emphasis 
has  been  directed  toward  direct  calorimetry.  A  calorimeter  flow  diagram  is  given  in  fig.  7. 

For  convenience  in  presentation  the  description  is  divided  into  three  sections:  ( 1 )  the  animal 
cage,  (2)  the  direct  calorimeter  and  (3)  the  indirect  calorimeter. 

THE  ANIMAL  CAGE 

A  compact  metabolism  cage  which  allows  the  separation  and  collection  of  feces  and  urine 
was  designed  for  use  inside  the  calorimeter  chamber  (fig.  8).  Complete  construction  details  for 
this  type  of  animal  metabolism  cage  have  been  published  by  Miller  et  al  (ref.  36).  The  cage  is 
made  of  V«-in.  mesh  stainless  steel  wire.  Separation  of  feces  and  urine  is  accomplished  by  a  tri¬ 
angular  screen  which  allows  urine  to  fall  through  into  a  collection  pan  while  the  feces  roll  down 
the  screen  into  receptacles  placed  at  the  sides  of  the  cage.  Mineral  oil  can  be  added  to  the 
urine  trough  to  prevent  evaporation. 

THE  DIRECT  CALORIMETER 

The  main  components  of  the  direct  calorimeter  are:  ( 1 )  the  air  intake  system  which  supplies 
a  measurable  flow  of  ventilating  air  of  controlled  temperature  with  provision  to  measure  any 
sensible  heat  changes  as  the  air  passes  through  the  calorimeter,  (2)  the  sensible  heat  measuring 
chamber  with  supporting  equipment,  which  measures  heat  loss  from  the  animal  by  radiation, 
convection  and  conduction,  and  heating  respired  air,  (3)  the  moisture  adsorption  equipment 
to  measure  energy  lost  through  evaporation  of  moisture,  and  (4)  the  control  and  recording 
system.  Each  of  these  systems  is  described  below: 

Air  Supply  and  Measurement  of  Sensible  Heat  Change  of  Ventilating  Air.  A  constant  flow 
of  air  is  supplied  to  the  animal  in  the  calorimeter  from  a  compressed  air  tank  fitted  with  a  2- 
stage  reducing  valve.  Before  entering  the  calorimeter,  the  air  is  passed  through  a  combination 
filter  and  moisture  adsorption  trap,  a  gas  flowmeter  equipped  with  a  needle  valve  capable  of 
measuring  air  intake  into  the  calorimeter  in  cc/min.,  and  an  air  temperature  control  bath. 

Constant  air  temperature  is  maintained  by  circulating  the  air  through  '•4-in.  od  copper  coils 
immersed  in  a  constant  temperature  water  bath. 

A  two-couple  copper-eonstantan  thermopile  made  of  No.  30  gauge  wire  is  used  to  measure 
any  sensible  temperature  change  of  the  ventilating  air  passing  through  the  calorimeter.  The 
reference  junction  is  at  the  inlet  port  of  the  chamber  and  the  measuring  junction  at  the  ventilating 
air  stream  outlet.  The  imbalance  in  potential  between  the  two  junctions  is  indicative  of  the 
change  in  temperature  of  the  air  stream. 

Heat  Measuring  Chamber.  The  original  calorimeter  chamber  was  constructed  of  13  by  3»  by  13 
inch  (I  by  w  by  h)  aluminum  alloy  wall  panels  (Alcoa  2024-T4)  to  give  an  inside  volume  of  1 
cubic  foot.  While  this  size  chamber  was  suitable  for  direct  calorimelry,  a  smaller  chamber  was 
built  in  order  to  minimize  the  response  lag  for  indirect  calorimetry.  The  inside  dimension  of  the 
latest  model  chamber  is  12  by  1H t  by  10  inches  (1  by  w  by  h)  giving  a  volume  of  'i-cubic  foot. 

As  shown  in  fig.  8,  three  evenly  spaced  %-inch  entry  port  holes,  which  could  be  fitted  with 
removable  plugs,  were  drilled  out  of  the  left  side  of  each  of  the  four  wall  panels.  Similar  entry 
holes  were  made  in  two  diagonally  opposite  corners  of  the  top  cover.  In  addition,  a  ‘8-inch  hole 
was  drilled  slightly  above  each  center  entry  hole  in  the  four  wall  panels  to  allow  for  passage  of 
thermocouple  wire  from  the  heat  flow  meters.  In  the  top  cover  and  bottom  cover  panels  the 
thermocouple  wire  passage  holes  were  located  in  the  left  rear  corner.  Then,  all  of  the  aluminum 
panels  were  anodized.  This  resulted  in  a  0.001-inch  coating  of  aluminum  oxide  which  furnished 
necessary  electrical  insulation  between  the  aluminum  panels  and  the  attached  heat  flow  meters. 
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Six  lic.il  flow  meters  were  assembled  to  cover  eae  li  wall  ol  the  i  alorimeler  I  lit  meters  consist 
ot  notched  copper  eonstant.m  therinoconple  riblxm  strips  mlerwov  cn  in  a  basket vveav 'c  lashion 
with  glass  tape  a s  shossn  in  fig  0  I  lie  strips  were  placed  in  parallel  and  later  connected  in  series 
to  give  all  oppei  to  eonstanlan  |iinct ions  on  one  side  ol  the  thermal  insulating  glass  t a | x •  layer 
ind  all  eonstanlan  to  topper  junctions  on  (he  other  side  of  the  gradient  laser 

I  lining  assembly,  the  eojijicr -eonslantan  strips  and  glass  l.ijie  were  secured  at  each  end  to  a 
wooden  frame  limit  to  cn<  lose  an  aluminum  wall  panel  Two  m<  li  wide  strips  ol  burlap  cloth  were 
stapled  along  the  crimes  of  the  wooden  frame  Then,  woven  panel  si/e  sections  of  nipper  const  Mitan 
r  1  hi x ii i  and  glass  tape  were  Ixmded  directly  to  the  ancxli/cd  aluminum  panels  using  an  c|X>xy 
resin  (Seolihcast  ,'1M  )  After  spreading  the  resin  osci  the  snrfaic  the  meter  section  and  enclosing 
wooden  frame  ssen  placer!  in  an  air  tight  plastic  cnsclopc  which  was  evacuated  with  i  lalxiratorv 
saitium  pomp  I  xc  ess  resin  and  entrapped  an  were  removed  from  the  face  of  the  heat  flow 
meter  wall  section  hv  gentle  pressure  and  scraping  I'he  burlap  (  loth  along  the  border  absnrlxxl 
the  excess  resin  Vacuum  was  mamtamed  for  fi  hours  during  which  tune  drying  was  facilitated 
h\  heal  from  a  2.r><)  watt  infrared  light  placed  above  the  plastic  envelope  After  the  resin  had  set 
m  each  ol  the  six  wall  panels,  the  ends  of  the  copper  constant. in  riblxm  were  trimmed  and  the 
individual  strips  connected  in  series  to  complete*  the  thermocouple  circuitry 

I  In  finished  aluminum  panels  with  their  attached  heat  flow  meters  were  assembled  to  form 
i  1 1  hed  i  ha  1 1 1  he  i  Side  and  lx>(tom  panels  were  secure  •d  together  with  an  epoxy  resin  ((llyptal) 
and  screws  The  top  panel  which  served  as  a  cover  was  attached  hv  means  of  hinges  and  fitted 
with  a  sealing  neoprene  gasket  Knurled  nuts  were  used  to  fasten  down  the  top  cover  Twenty 
four  gauge  thermocouple  lead  wires  from  the  six  individual  wall  heat  flow  meters  were  insulated 
and  brought  to  the  left  side  of  the  c  hamber  for  later  attac  hment  to  a  junction  Ixix  Then,  the 
entire  interior  including  the  fac  "s  of  the  heat  How  meters,  were  painted  with  one  coat  ol  the 
moisture  pi i >ol  synthetic  resin  ((dyjital) 

In  order  for  one  side  of  the  heat  (low  meter  to  act  as  a  reference  junction  provision  was 
made  lor  the  maintenance  of  a  constant  tem|>eraturc  at  the  outer  walls  of  the  chandler  below 
that  ol  the  inner  walls  (  measuring  junction).  I  bis  was  accoin|>hshcd  by  covering  all  six  outer 
walls  with  ‘i  me  h  od  copper  tubing  bent  in  1  me  h  reverse  bends  I'he  tubing  was  soldered  to  the* 
aluminum  walls  alter  being  arranged  so  that  the*  entering  water  was  split  into  two  streams.  Kaeli 
stream  cooled  two  side  walls  and  either  the  top  or  I  ml  tom  of  the  chamber  Water  intake  and  cm 
let  [Kirts  and  cover  connections  are  shown  in  fig  <S 

I  he  copper  tubing  and  walls  were  invcrcd  with  an  insulating  layer  of  b  tin  h  asbestos  cement 
I'.ai  h  individual  wall  the  i  me  •cxiujile  lead  wire  was  atlac  bed  to  one  of  six  marked  outlets  of  a 
I  hermocou|ile  junction  Ixix  I  he  junction  Ixix  was  fitted  into  the  left  side  of  the  chamber  Then, 
the  t  her  mix  ou  |  >|e  li  ad  w  ires  and  the  walls  of  the  calorimeter  w  ere  cm  creel  with  a  he.  mcli  la  v  er 
ol  aslx  stos  c  ement  The*  final  calorimeter  covering  was  a  c oat  of  |>amt 

\;r  Sampler  for  Moisture  m  Ventilating  Air  Knergy  lost  hv  the  animal  m  the  form  of  latent 
heal  cf  va|xiri/al:on  of  moisture  is  determined  hv  .iclscirjition  and  gravimetrical  measurement 
Km  this  purpose,  an  air  sam|)!er  was  designed  to  automatic  ally  divert  the  air  stream  from  one  to 
another  of  10  adsorjition  tulx-s  at  selected  time*  intervals  The*  driving  motor  was  geared  so  that 
i  ac  It  samjilmg  tube  could  remain  m  stream  for  periods  of  l.r>,  10,  or  00  minutes  ( !se  of  the  maxi¬ 
mum  selling  ol  00  minutes  jierimts  continuous  collection  of  hourly  moisture  sample's  over  a  10 
hour  iiericx1 

\ s  show  n  m  ligs  10  and  I  I ,  which  show  construe  tiun  details,  the  air  sam|)ler  is  essentially  a 
mandnlel  head  with  10  outlet  [xirts  radiating  from  a  center  inlet  jiorl  Kach  outlet  |xirt  contains 
i  valve  whic  h  is  ojierated  by  a  continually  mov  ing  c  am  of  controlled  sjieed  Moisture  is  adsorlx'd 
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CONSTANTAN  /COPPER 


INTERWOVEN  GLASS  TAPE 


Fit:.  Si  (aiiistruetion  Details  of  Notelied  ( 'tipper  Cnnstantan 
I  lirrmoeouplr  Kihlxm  Strips  InltTwiivrii  with  (.lass  Tape 

29 


A.  Spread  selector 

B.  Manual  control 

C.  Air  inlet 

D.  Air  outlet  port 

E.  Wiring  for  port  indicator  on  control  panel 


Fit;.  10.  Schematic  Diagram  of  Respiratory  Moisture  and  Air  Sampler 

on  8-mesh  calcium  chloride  in  6-inch  drying  V-tubes  fitted  with  glass  stoppers.  While  it  is  not 
necessary  for  operation,  the  air  sampler  was  fitted  with  electric  circuitry  for  identification  on  the 
control  panel  of  the  adsorption  tube  in  stream. 

Control  and  Recording  System.  All  of  the  diiect  calorimeter  controls  are  centered  on  a  single 
control  panel.  While  it  is  not  necessary  to  have  such  an  elaborate  control  panel,  the  essential 
features  of  the  panel  are  switches  to  operate  the  experiment  timer,  constant  temperature  water 
bath  for  the  calorimeter  outer  walls  and  ventilating  air.  air  sampler  for  moisture  adsorption,  and 
the  recorder. 

Operation  of  the  calorimeter  requires  that  signals  from  the  heat  measuring  chamber  and 
from  the  thermopile  measuring  temperature  change  in  the  ventilating  air  be  constantly  monitored. 
Since  both  signals  could  be  measured  in  the  0-1  mv  range,  only  one  single  channel  single  pen 
recorder  was  required  for  direct  calorimetry  measurement.  Alternate  recording  was  accomplished 
through  the  use  of  a  repeat  cycle  timer  (Bristol  Motors  RCT-109),  a  clock  motor  fitted  with  a 
cam,  and  a  snap  action  switch.  The  cam  was  cut  so  that  2-minute  recordings  were  taken  from 
the  heat  measuring  chamber  alternately  with  40-second  responses  from  the  ventilating  air  ther¬ 
mopile. 

While  there  is  no  provision  for  doing  so  at  present,  studies  are  in  progress  on  suitable  means 
of  measuring  animal  activity  and  body  temperature. 
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AIRTIGHT 

PACKING 


DRIVING  SHAFT 


VALVE  OPEN 


AIR  FLOW 


MANIFOLD  HEAD 


VALVE  CLOSED 

(b) 


1)  5/16"  diam  steel  ball 

2)  Spring 

3)  5/16"  diam  steel  ball 

4)  ”0"  ring 

5)  Spring 

6)  1/4"  brass  tubing 
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THE  INDIRECT  CALORIMETER 

The  In  al  measuring  chamber  ol  the  ( alorimeter  was  calibrated  l>\  determining  the  mtlli 
'■ullage  output  of  the  gradient  layer  heal  How  meter  units  m  the  presence  ol  a  carefully  monitored 
Ik  a  I  source  in  the  form  of  a  11  ohm  me  hrome  ys  ire  heating  coil  The  energy  dissipated  in  the  coil 
was  dcterniiind  hy  measuring  the  voltage  drop  across  the  coil  and  the  current  supplied  to  the 
cull  \s  icpresenled  hy  the  slope  of  the  ealihration  <  urve  of  the  heat  measuring  chandler  (fig  12), 
tin  sensitivity  ol  the  direct  calorimeter  is  0  (X)T)2  or  (I  ’ll  ins  g  cal  se< 

As  shossn  in  fig  I  i,  a  rcs|Xinse  occurred  m  1  .r>  mmutes  and  a  1  ( K >*’«  res|xmse  in  HO 

minutes  Hcs|xinse  times  during  heating  yvitli  a  constant  heat  load  and  the  tune  necessary  to  re 
turn  to  the  baseline  alter  heating  was  discontinued  ssete  suniiai  in  that  alxiut  H  minutes  yvere 
recpnred  Numerous  tests  indic  ated  that  the  unlhvnltage  res|xinse  of  the  heal  measuring  chamlier 
for  a  gisen  amount  of  heat  input  was  constant  for  a  giseti  ysater  hath  temperature  Only  rapid 
change'  in  temperature  of  tie  surroundings  disturbed  the  eepiilibrmm  icsjXinsc 

In  actual  operation  the  tc-st  animal,  unless  in  the'  |xistabsorptive  state  (I’AS),  svas  intubated 
with  or  trained  to  consume  a  hnoyvn  amount  of  diet  in  a  slimt  tunc  'Die' animal  svas  yveighcd  and 
put  into  the  cage  in  the  calorimeter  chamlier  Chamlxi  temperature  svas  manitainc'd  at  27°C 


In.  12  ( ialihiation  Curses  of  Heat  Measuring  Chainlx-r,  of  the  Direct  Animal  Calorimeter 

with  an  average  ventilation  rate  of  approximately  I .Wl  u  nun  Tlx  n.  tin  moisture  adsorption 
tubes  were  weighed  and  inserted  into  the  air  sampler  because  nl  a  fast  response  lime,  data  from 
the  direct  calorimeter  weie  recorded  as  sixin  .is  tin  animal  l>cc  .line  aec  ustomed  to  the'  surround 
mgs  m  alxmt  1.)  minutes 

I  he  total  heal  [ircxlnction  of  the  test  animal  was  calculated  .is  the  algebraic  sum  of  the 
energy  represented  hy  (I  the  area  under  the  revjxmse  curse  of  the'  heal  measuring  c  hamlx’r 
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(  s« -nsi lilt  lir.it  (  2  I  tin  temperature  chficrctu  c  of  t lit ■  x  enlililing  .1 1 r  .is  milit  ated  by  the  mi 
lialam  c  nl  tin  tin  rmopile  pl.u  rd  at  tin  \  nit ilat 1 1 1^4  air  inlet  and  nutlet  nl  tlie  eli.unlx'r  1  no  change 
detei  ted  and  (3  tin  latent  I1e.1l  nl  tin  moisture  eulleeted  1 1 1  (lie  adsorption  tubes  (  e\  aporative 
In  at  ) 

Results  and  Discussion 

I  In  direct  1  alunmeter  lias  gixen  satisl.utors  pel  loi  main  e  Ini  periods  up  to  If)  hours  during 
a  tol.il  operating  tune  nl  1  III  h  mis  \  summ.irs  of  results  from  all  c  .dor inieter  cx|>crunentx  is 
gix  eii  in  talrle  Xl\  In  the  t.ilile  operational  runs  of  more  than  1  hour  duration  are  grouped  ae 
1  ording  to  the  animal  used 

Total  heal  production  \. lines  lor  test  periods  ol  1  hours  or  more  saried  less  when  presc  nled 
on  a  met.ilxihc  (rods  si/c  basis  (  keal  kg"  •  ’  21  hr  1  than  on  a  Imdx  sseight  basis  (  kial  kg  21  hr) 
W  ith  rat  \n  1  the  various  treatments  piiKlueed  a  heat  pmdui  lion  ol  Sd  to  I  10  keal  kg"  '"  /  2-1  hr 


TIME  -  MINUTES 

I'll.  11  I  line  Heipnred  to  Kstahlisli  Kipnhbrmm  in  the  Heat  Measuring  Cbamlrer  l 'rider 

(.oust. lilt  Ileal  laud 

Ihat  production  ol  rat  No  2  saried  from  SO  to  110  kial  kg"  21  hr  For  rat  No  1,  alrout  Sd'” 

ol  this  heat  ssas  in  a  sensible  form  as  compared  to  SO'!  (01  rat  No  2 

I  lie  data  indicate  that  total  heat  pn  luelion  on  a  21  hour  basis  ssas  not  markedls  alleeled  by 
lasting  limn  I  to  22  hours  (tables  \\  Will  or  In  the  feeding  ol  a  mixed  normal  ts'pe  diet  ]  1  isl 
before  ealonmetrs  (  tables  XIX.  XX  ( )n  a  limited  number  ol  experiments  ssith  intubated  ci-t.irs 
energs  soimes  tout  lining  23  (ail  heat  production  on  1 .3  but. medio!  (tables  XX!  XXII)  ssas 
snmlai  or  less  than  that  obtained  with  water  intubation  (  tables  XXIII  XXI Y  (  hi  the  other  hand 
the  1  ■  . | rouse  in  2  tests  xvitli  2r>  (all  of  intubated  sucrose  solution  (tables  XX  \  X X\  I  ss  as  greater 
than  hull  obtained  ss  it  h  ssater,  1.3  but  and  10!  or  f  ceding  a  mixed  diet  II  rss  ex  er ,  in  one  I)  hour  run 

1  oinmeric  mg  after  leeding  a  I  O'*  I  3  butanediol  diet  table  XXXI I  heat  production  ssas  111  the 

normal  r.mgi  Thus  vs  hen  !  ,3  butanediol  is  intubated  or  fed  alone,  the  losser  heat  production  oh 
versed  max’  be  due  to  slos'er  absorption  of  this  compound  as  eompaied  to  that  of  normal  lood 
c  omponents  as  sue  rose 


Individual  test  heat  production  data  are  given  in  tables  XV  to  XXVII.  These  data  indicate 
that,  in  general,  heat  production  increases  slightly  during  the  first  and  second  hour  after  feeding. 
This  increase  does  not  appear  to  be  significant.  In  addition,  the  percentage  of  the  total  24  hour 
heat  production  given  off  for  a  particular  hour  appears  to  he  quite  constant  regardless  of  the  time 
of  feeding. 


TABLE  XIV 


Summary  of  All  Calorimeter  Experimental  Runs 


Hat 

Weight 

Start  Loss 

g  g 

Dietary 

Status 

Diet 

Hours 

After 

Feeding 

Run 

Time 

hr 

Sensi-  Evap- 

Total  ble  orativc 

( kcal/kg0  75/24  hr) 

Total 

(kcal/kg/ 

24  hr) 

6 

495 

_ 

PAS* 

_ 

22 

1 

107 

88 

12 

128 

4 

445 

— 

PAS 

— 

22 

1 

114 

84 

16 

140 

5 

475 

— 

PAS 

— 

22 

1 

106 

83 

17 

128 

1 

.335 

— 

PAS 

— 

22 

1 

117 

83 

17 

154 

1 

335 

— 

Fed 

Basalt 

0 

1 

108 

oO 

20 

142 

2 

410 

- 

Fed 

Basal 

0 

1 

10.3 

78 

22 

128 

1 

.357 

15 

Fed 

Basal 

5  Va 

15 

101 

83 

17 

132 

1 

374 

15 

Fed 

Basal 

5 

14 

91 

82 

18 

117 

1 

.362 

— 

Fed 

Basal 

0 

5 

87 

85 

15 

113 

I 

385 

— 

Fed 

Basal 

1 

u 

105 

87 

13 

1.34 

I 

.367 

5 

PAS 

Water  I 

0 

4 

86 

78 

22 

110 

1 

367 

10 

Fed 

Surcose§ 

0 

4 

110 

83 

17 

142 

1 

372 

12 

Fed 

BDH 

0 

5 

86 

83 

17 

110 

2 

448 

14 

Fed 

Basal 

5**2 

15 

103 

81 

19 

126 

2 

408 

12 

PAS 

— 

0 

7 

101 

88 

12 

127 

2 

.397 

10 

Fed 

10%  BDH 

0 

9 

104 

87 

13 

131 

2 

403 

10 

PAS 

Water! 

0 

4 

101 

83 

17 

127 

2 

392 

8 

Fed 

Sucrose? 

0 

5 

116 

91 

9 

147 

2 

408 

13 

Fed 

BD'i 

0 

6 

86 

86 

14 

108 

TOTAL  110 

♦Post  absnrtive  state 
120 %  Casein  diet 
t Intubated  with  10  ml  water 
§  Intubated  with  25  Cal  sucrose  in  10  ml  volume 
Intubated  with  25  Cal  1 ,3-butanediol  in  10  ml  volume 
H20%  Casein,  10%  1 ,3-butanediol  diet 
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TABLE  XV 


Heat  Production  of  Rut  Fed  Hours  Before  Calorimetry 


Hour 

Total  Heat 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 

( cal ) 

Evaporative 

Heat 

(cal) 

1 

1818 

6.3 

1422 

396 

2 

2337 

8.1 

1827 

510 

3 

2245 

7.8 

1827 

418 

4 

2160 

7.5 

1800 

360 

5 

2019 

7.0 

1746 

273 

6 

1951 

6.8 

1665 

286 

7 

1878 

6.5 

1530 

348 

6 

1783 

6.2 

1476 

307 

9 

1808 

6.3 

1.557 

251 

10 

1851 

6.4 

1557 

294 

11 

1678 

5.8 

1395 

283 

12 

1940 

6.7 

1665 

275 

13 

1919 

6.7 

1584 

335 

14 

1739 

6.0 

1476 

263 

15 

1704 

5.9 

1503 

201 

Total 

22,830 

100.0 

24.030 

4800 

Rat  number  1:  fasted  16  hours  before  feeding;  357  g  at  start. 


Water  bath  temperature:  28°C. 

Air  flow:  1554  ec/inin. 

Total  heat  production:  101  kcal/kg0  75/24  hr. 

132  keal/kg/24  hr. 


TABLE  XVI 


Heat  Production  of  Rat  Fed  5  Hours  Before  Calorimetry 


Hour 

Total  Heat 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 

(cal) 

Evaporative 
Heat 
( cal ) 

1 

1655 

7 

1248 

407 

2 

1729 

7 

1422 

307 

3 

1754 

7 

1504 

250 

4 

1746 

7 

1450 

296 

5 

1867 

8 

1436 

431 

6 

2086 

8 

1490 

596 

7 

1795 

7 

1503 

292 

8 

1776 

7 

1490 

286 

9 

1826 

7 

1598 

228 

10 

1728 

7 

1463 

265 

11 

1751 

7 

1530 

221 
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1  \  H  I  I  \\  (  continued  ) 

lli  ut  I'rntlut  turn  of  Hut  I  t  it  Ilnurs  Hifnrt  (  tilnnmrtn/ 


It  nir 

!  lit.il  llr.lt 

I'mtliu  1  lull 
«  .1!  1 

I't  11  «*lit  .u*r 

uf  1  uf  .(] 

Sllisll.ll- 
ill  .ll 

1 ,.] 

1  01 1 n  ir  .il  is  r 
Hi  .il 
u.ill 

12 

1703 

1 

150.3 

20.5 

13 

1712 

1 

1.50-1 

233 

11 

1751 

1 

1.501 

217 

Total 

21  97  1 

1(X) 

20-15 

1.329 

Hat  mu  iIk  i  1.  371  u  at  start,  359  14  at  finish 
Water  hath  temperature  23  ( 

\ir  floss  ! fiTi-l  ci  mm 

I  dial  heat  prod'll  turn  91  kcal  kg"  21  hr 

117  ke.il  kg/21  hr 


I  \HI.I-.  \\  II 


lli  ut  I'rmltit  turn  , 

i’l  Hilt  l  ill  Ilnurs  llcjnrc 

(  (ilnnrnrtn/ 

1  li  hi  r 

I  i.t.il  lli  .it 

l'lllillll  1  lull 
l.ll 

I'rri  '  ill. 1141 
nt  1  .  il.il 

Si-iisiIiIi 

1  lr.lt 

1  .(I  1 

1  v  .<  |  m  >r  .it  is  < 
tli.it 

1 

21  VI 

0 

1.5,31 

519 

) 

223 1 

1 

177.3 

010 

3 

23.50 

1 

IfX)3 

113 

1 

257  S 

s 

1939 

539 

) 

2207 

7 

131X) 

107 

0 

2127 

0 

1719 

108 

2172 

/ 

1327 

5 15 

s 

20.S.S 

0 

15,3-1 

50-1 

9 

2-179 

7 

21X17 

332 

It) 

2 1.5,3 

19.35 

523 

1  1 

2170 

0 

1327 

3 1.3 

12 

2(X>3 

fi 

1327 

211 

13 

2531 

1 

2173 

25.3 

1  1 

2223 

1 

19.25 

233 

15 

2(X>1 

0 

1710 

.315 

1  ot  il 

31.291 

KX) 

27  /29 

0505 

Hal  iimnher  2  1  13  g  at  start  121  g  at  finish 


W  iter  hath  temperature  29  ( 

\  11  llnss  loo  t  i  i  mm 

lotal  leal  pnxhu  linn  103  keal  kg"  ’  21  1 1  r 

12(i  ki.il  kg  21  hr 


Ml 
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TABLE  XVIII 

Heat  Production  of  Rut  in  Postabsorptive  State 


Hour 

Total  Heat 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 

(cal) 

Evaporative 

Heat 

(cal) 

1 

2370 

16 

2084 

286 

2 

2080 

14 

1828 

252 

3 

2073 

14 

1801 

272 

4 

2220 

15 

1922 

298 

5 

2077 

14 

1895 

182 

6 

2033 

14 

1800 

233 

7 

1992 

13 

1828 

164 

Total 

14,845 

100 

13,158 

1687 

Rat  number  2:  408  g  at  start;  396  g  at  finish. 

Water  bath  temperature:  27 °C. 

Air  flow:  1554  cc/min. 

Total  heat  production:  101  kcal/kg0  75/24  hr. 

127  kcal/kg/24  hr. 

TABLE  XIX 

Heat  Production  of  Rat  Fed  5  Grams  Basal  Diet  Before  Calorimetry 

Hour 

Total  Heat 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 

(cal) 

Evaporative 

Heat 

( cal ) 

1 

1509 

18 

1294 

215 

2 

1870 

22 

1557 

313 

3 

1687 

20 

1449 

238 

4 

1594 

19 

1368 

226 

5 

1737 

21 

1449 

288 

Total 

8397 

100 

7117 

1280 

Rat  number  1:  fed  5  g  20%  casein  diet,  362  g  at  start. 


Water  bath  temperature:  27  °C. 

Air  flow:  1554  cc/min. 

Total  heat  production:  87  kcal/kg0  75/24  hr. 

113  kcal/kg/24  hr. 
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I  \m  i :  x.\ 


lh  al  I'roilui  turn  of  lltil  i  •  il  0  1  (  '.rams  Hasal  I  hot  Hrfmi  ( 'iilnninrln/ 


1  i<  UK 

1  ot.il  1  lr.il  1  *• 

I’nxlui  1  inn 

{  i  .i!  1 

ti  rnt.m« 

,,l  lot.,] 

St  llsllile 

19  a 

(..■I' 

1-  v  .1 1 h  ir at  iv  t 

II. -at 
,  (  al 

1 

23-12 

10 

1977 

107 

) 

2233 

0 

1923 

110 

l 

200(1 

0 

17(11 

107 

1 

2021 

0 

I7s7 

217 

.) 

2073 

0 

I7S7 

2S0 

(i 

2010 

0 

1719 

721 

2 1 .7.7 

0 

ISOS 

2S7 

S 

01 1 

0 

17  IS 

20.7 

9 

2013 

9 

1  s27 

210 

in 

2 1 70 

0 

1 377 

12-1 

!  1 

2100 

0 

1 370 

21-1 

li  ii.il 

23,2K> 

100 

2(1 90S 

71.73 

Hal  in 

i.nlirr  1  Ini  7  1  i;  20  i  as<  in  tlirl 

337  u  at  s’. ill 

171  t4  al  Inn  si i 

Ualn 

hath  temperature  27  (! 

\ 1 1  flow  1.7.71  (i  imri 

Inlal 

In  al  prixlut  linn  10,7  ki  al  ki'" 21 

lir 

111  ki  al  k^/  21  Hr 

1 

Mill  \\l 

1  h  al  I'rnihn  lion  o‘  Hal  1 

n/.’.(  al  HI)' 

lh  Ion  (  aloinni  In/ 

i  ut.ii  i {('.it  i  r« 

ti  ••III  .1 

Srtr  il  ill 

1  V  .1 1 M  PT.lllV  1  1 

1  It  mi 

I'ruilm  tiuii 

..I  1 .  >t  ,i  t 

in  .,t 

Ileal 

i  al  1 

i  <  .,i  i 

t  al 

1 

131  1 

21 

1703 

IDS 

100(1 

19 

1  123 

•  ) 

1  ~ 

.1 

17(11 

19 

129S 

20(1 

1 

i  nos 

20 

1  10*) 

2S9 

1730 

21 

1  1  i(i 

291 

1  nlal 

S 103 

100 

097  1 

1  129 

Hal  iiiiinhc!  1  inhiH. lire!  uilli  1  I  j'  HI)  (tin 

!  7  9  ml  u  all  i 

27  t  al  HI )  772  t;  al 

stall  700  ^  at 

tlllisll 

\\  aln 

Halli  I » ■  1 1 1 1 >» •  i a 1 1 1 1 « •  27  ( ' 

\ir  Ik 

■u  17.7-1  <(  mm 

1  nla! 

Inal  pi 1 1<  1 1 it  1  ii ii i  3(i  krai  k^"  ’  21 

hr 

I  K)  k(  ,il  ku  21  hr 


'  !  i  litit.mri I m il 

'  I  mlimi  lit  iiil;  vv  il Ii  flit  ’  m !  I  mm  (fir  itmisl  mr  i  i  ill  t -t  I  n  u  i  t-t  |ni|  >imi  nt  I  ,i  lit  t  i  (mi  f  tin  J  In  r>  lit  nn  v  tints  fm  tv  .i|mra 
1 1  v  i  ltt-.il  .III  t  st  tlll.il  t  s  It.ivt'd  oil  prrvintis  ft  Mills  Willi  tills  .limn. |1 
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T.'Bl.i:  XXII 


1 1  ini  i'riului  turn  of  Ihil  Hal  25  C  HI  Hi  )  Hr  fore  (  u.oninetn/ 


1  lour 

1  iii.il  1 1.  ,ii 

I'niiliK  l  Km 

1  ml  ) 

IVn  nit.i^p 
of  lot'll 

Srnsililr 
Hi. it 

1  i  ill  1 

1  v  ,i|  mratis  r 
Ural 

(  i  al  > 

i 

2192 

20 

IS  19 

373 

■> 

1323 

16 

1517 

31 1 

3 

132S 

16 

1517 

311 

t 

177S 

16 

1  170 

302 

5 

1746 

10 

1  119 

297 

B 

1 S 1 2 

16 

1504 

30.3 

i  ii.ii 

1 1  IS  l 

100 

92.S2 

1902 

Hal  number  2 

\\  alci  hat li  li 

\  1 1  (less  177)1 

1  ot.il  heal  pn 

i nt nl>.it <a«I  with  1  1  g 
finish 

•  i n * ■)<  ralnrc  27  ( 1 

1  ii  mm 

kIikIiiiii  SB  kial  kg 
IDS  keal/kg 

HI )  and  5.9  ml  u at «  r 

7V24  hr 

21  hr 

i  25  cal  111)). 

103  g  at  start,  395  g  at 

TABU-:  XXI II 

Ileal  Vrotliu  turn  of  Hal  in  /’.ivO/b.vcr/iOt . 
Intubated  u  tf/i  1(1  ml  Water 

Stale 

Intal  1  Irat 

I’rn  rntaur 

Nctisililr 

l'3a|viratisr 

It  nil 

I'rmlm  t  n in 

i  if  Total 

lira! 

llrat 

(ml 

(  i  all 

(  i  al  1 

1 

2073 

25 

10.33 

1-10 

2. 

2111 

25 

17.3-1 

377 

> 

2105 

25 

1 77-1 

331 

1 

2113 

25 

1323 

320 

1  nt.il 

3112 

100 

097-1 

1463 

Hat  number  2.  103  g  a t  start,  193  g  at 

finish 

\\  atci 

i  ith  temperature.  27 

\ir  II. 

ns  1.5.51  i.  mm 

Total 

heat  pnxlintiun  101  krai,  kg"  "r>  2 

1  hr 

127  k cal /kg  21  hr 


39 


TABLE  XXIV 


Heat  Production  of  Rat  in  Postabsorptive  State 
Intubated  with  10  ml  Water 


Hour 

Total  Heat 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 
( cal ) 

Evaporative 

Heat 

(cal) 

1 

1851 

28 

1544 

307 

2 

1655 

25 

1149 

506 

3 

1655 

25 

1375 

290 

4 

1491 

22 

1143 

348 

Total 

6652 

100 

5211 

1451 

Rat  number  1:  367  g  at  start. 

Water  bath  temperature:  27 °C. 

Air  flow:  1554  cc/min. 

Total  heat  production:  86  kcal/kg0  75/24  hr. 

110  kcal/kg/24  hr. 

TABLE  XXV 

Heat  Production  of  Rat  Fed  25  Cal  Sucrose  Before  Caliometnj 

Hour 

Total  Heat 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 
( cal ) 

Evaporative 

Heat 

(cal) 

1 

2513 

21 

2286 

227 

2 

2326 

20 

2138 

188 

3 

2323 

19 

2124 

199 

4 

2390 

20 

2206 

184 

5 

2328 

20 

2124 

204 

Total 

11,380 

100 

10,878 

1002 

Rat  number  2:  intubated  with  6.25  g  sucrose  in  in  10  ml  water  (25  cal);  392  g  at  start;  384  g  at 
finish. 


Water  hath  temperature:  27°C. 

Air  flow:  1554  cc/min. 

Total  heat  production:  116  kcal/kg°75/24  hr. 

147  kcal/kg/24  hr. 
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TABLE  XXVI 

Heat  Production  of  Rat  Fed  25  Cal  Sucrose  Before  Caliometry 


Hour 

Total  Heat* 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 

(cal) 

Evaporative* 

Heat 

(cal) 

1 

1795 

21 

1490 

305 

2 

2170 

25 

1801 

369 

3 

2210 

26 

1827 

383 

4 

2420 

28 

2016 

404 

Total 

8595 

100 

7134 

1461 

Rat  number  1:  intubated  with  625  g  sucrose  in  10  ml  water  (25  cal);  367  g  at  start;  357  g  at 
finish. 


Water  bath  temperature:  27  °C. 

Air  flow:  1554  cc/min. 

Total  heat  production:  110  kcal/kg0  75/24  hr. 

142  kcal/kg/24  hr. 

•Due  to  mechanical  failure,  moisture  collection  apparatus  was  not  functioning  during  this  test  period,  and  the 
evaporative  heat  values  are  estimates  based  on  previous  runs  with  this  rat. 


TABLE  XXVII 

Heat  Production  of  Rat  Fed  8.2  Grams  10%  BD  Diet 


Hour 

Total  Heat 
Production 
(cal) 

Percentage 
of  Total 

Sensible 

Heat 

(cal) 

Evaporative 

Heat 

(cal) 

1 

1996 

10 

1760 

236 

2 

1751 

9 

1558 

193 

3 

1910 

10 

1679 

231 

4 

2071 

11 

1787 

284 

5 

1990 

10 

1814 

176 

6 

2575 

14 

2205 

370 

7 

2328 

12 

1962 

366 

8 

2331 

12 

1962 

369 

9 

2304 

12 

1976 

328 

Total 

19,256 

100 

16,703 

2553 

Rat  number  2  :  397  g  at  start. 
Water  bath  temperature:  27°C. 
Air  flow .  1554  Cc/min 


Total  heat  production:  104  kcal/kg0  75/24  hr 

131  kral/kg/24  hr. 
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